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ABSTRACT 

Fraser’s  loosestrife,  Lysimachia  fraseri ,  in  Illinois  is  known  only  to  occur  in  Pope  County 
in  the  extreme  southeast  corner  of  the  state.  The  species  was  collected  along  Lusk  Creek 
in  1966  and  was  observed  growing  along  Burke  Branch  in  1968.  The  Burke  Branch 
population  has  not  been  observed  since.  The  Lusk  Creek  population  has  experienced  a 
drastic  decline  in  Pope  County  from  100  plants  in  1991  to  3  plants  in  1998.  This  survey 
noted  the  reduction  in  the  Lusk  Creek  population  from  1  plant  in  1999  to  no  plants  in 
2000.  Additional  searches  in  suitable  habitat  located  no  new  populations.  It  is  assumed 
that  Lysimachia  fraseri  is  extirpated  from  the  Illinois  flora. 


INTRODUCTION 

Lysimachia  fraseri  is  considered  a  species  of  special  concern  with  a  G3  global  rank, 
which  means  that  it  is  very  rare  or  local  throughout  its  range  (Federal  Register  1997). 
This  species  is  listed  in  Georgia  (SI,  rare),  Kentucky  (SI,  endangered),  North  Carolina 
(S2,  endangered),  South  Carolina  (SI,  regional  concern),  and  Tennessee  (S2,  endan¬ 
gered).  This  species  is  not  listed  in  Alabama  where  it  has  a  SI  rank  (Bates  1998).  Lysi¬ 
machia  fraseri  is  state  endangered  in  Illinois  (Herkert  1991). 

Lysimachia  fraseri,  Fraser’s  loosestrife,  was  first  discovered  in  Illinois  in  1966  by  Hop¬ 
kins  (1968)  while  working  at  Lusk  Creek  in  Pope  County.  John  Schwegman  subsequently 
located  this  species  along  Burke  Branch,  also  in  Pope  County,  in  1968.  This  population 
has  not  been  observed  since. 

The  Lusk  Creek  population  has  been  monitored  for  over  10  years.  A  survey  of  the  popu¬ 
lation  in  1991  by  John  Schwegman  recorded  100  plants:  5  were  flowering  and  95  were 
sterile.  The  population  began  to  decline  after  1991  and  numbered  just  3  plants  in  1998 
when  surveyed  by  Bates  (1998). 
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The  objectives  of  the  present  study  were  to  determine  the  existence  of  additional  popula¬ 
tions  of  L.  fraseri,  the  demographic  characteristics  of  each  population,  the  habitat  char¬ 
acteristics  of  each  population,  and  the  associated  plant  species  at  each  population. 

GENUS  AND  SPECIES  DESCRIPTION 

Lysimachia  fraseri  Duby,  Fraser’s  loosestrife,  is  a  member  of  the  Primulaceae  or  prim¬ 
rose  family  (Gleason  and  Cronquist  1991;  Watson  and  Dallwitz  1992).  Lysimachia 
fraseri  was  first  collected  by  John  Fraser  in  South  Carolina  and  was  first  described  in  the 
publication  Prodromus  Svstematis  Naturalis  Regni  Vegetabilis  (de  Candolle  1823; 
Kartesz  1994;  Bates  1998).  The  genus  name  Lysimachia  is  from  the  ancient  King  of 
Thrace,  Lysimachia,  whose  name  comes  from  the  Greek  lysis,  “to  loose  from”,  and 
mache,  “strife”.  The  King  of  Thrace  was  remembered  for  pacifying  a  charging  bull  by 
grabbing  a  loosestrife  plant  and  waving  it  at  him  (Bates  1998).  John  Fraser  was  an 
important  early  plant  collector  in  the  southern  Appalachians  and  the  species  is  named  for 
him  (Radford  et  al.  1968;  Bates  1998). 

Lysimachia  fraseri  is  an  erect,  multi-stemmed,  herbaceous  perennial  developed  from 
creeping  underground  rhizomes.  Stems  are  1-1.5  m  tall,  terete,  and  glandular-pubescent. 
The  lowermost  leaves  are  much  reduced  in  size  and  are  often  scale-like.  The  upper  leaves 
occur  in  whorls  of  three  to  five,  or  are  opposite.  Leaf  shape  varies  from  elliptic  to 
lanceolate.  Blade  length  is  4-15  cm  and  width  1.5-6  cm.  The  surfaces  of  the  leaf  blades 
are  punctate  with  round  or  elongate  dark  purple  or  black  glands,  which  are  much  paler 
beneath  than  above.  Blade  margins  are  darkened  and  finely  stipitate-glandular  (Fernald 
1950;  Ray  1956;  Radford  et  al.  1968;  Gleason  and  Cronquist  1991;  Bates  1998). 

Lysimachia  fraseri  has  a  leafy,  stipitate-glandular  panicle  from  5-25  cm  in  length.  Pedi¬ 
cels  are  from  5-9  mm  long  and  are  abundantly  stipitate-glandular.  The  stipitate-glandular 
calyx  has  five  lanceolate  lobes  that  are  3-5  mm  long,  acute  to  acuminate  at  the  tip,  and 
purple  to  maroon  on  the  margins.  Calyx  tube  length  averages  5  mm.  The  rotate  corolla 
consists  of  five  yellow  petals  that  are  1.5- 1.6  cm  across  with  elliptic  to  oblong  lobes.  The 
petals  are  6-9  mm  long,  several  times  longer  than  the  tube,  with  rounded  apices  that  are 
occasionally  notched.  Petal  margins  are  entire  to  erose.  The  filaments  are  glandular,  une¬ 
qual  in  length,  united  from  V2  to  %  of  their  length,  and  form  a  cup  at  the  base.  The  five 
anthers  are  yellow  and  have  longitudinal  dehiscence.  The  unilocular  ovary  is  inferior.  The 
style  is  slender  and  topped  by  a  slightly  expanded  stigma.  The  fruit  is  a  globose  to  sub- 
globose  capsule  3-4  mm  in  diameter.  The  several  seeds  that  occur  within  each  capsule  are 
angular,  dark  brown  to  black,  and  have  a  finely  pitted  surface.  Seed  length  averages  1.6 
to  2.3  mm.  Bates  (1998)  found  the  seeds  to  float  on  water  and  predicted  that  this  charac¬ 
teristic  might  be  one  mode  of  seed  dispersal  in  riparian  habitats.  Flowers  are  usually  pro¬ 
duced  in  June  and  July,  and  capsules  are  mature  in  September  and  October  (Fernald 
1950;  Ray  1956;  Radford  et  al.  1968;  Gleason  and  Cronquist  1991;  Bates  1998). 

The  reproductive  biology  of  the  genus  Lysimachia  has  been  well-studied  (Vuilleumier 
1967;  Simpson  et  al.  1983).  Lysimachia  fraseri  can  reproduce  asexually  by  rhizomes  or 
infrequent  production  of  bulbils  (Ray  1956),  a  common  means  of  reproduction  in  plants 
that  are  heavily  shaded.  Sexual  reproduction  in  this  species  is  either  by  outcrossing  or 
autogamy  (selling).  Holarctic  bees  of  the  genus  Macropis  are  known  to  collect  pollen 
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from  Lysimachia  anthers  (Malyshev  1929)  whereas  female  Macropis  have  been  observed 
collecting  fluids  secreted  by  glandular  tissue  of  the  corolla  and  androecium  (Vogel  1976). 
The  genus  Macropis  contains  5  or  6  species  and  is  a  widespread  genus  throughout  Can¬ 
ada  and  the  United  States  (Michener  1981).  Simpson  et  al.  (1983)  noted  that  Macropis 
ciliata ,  M.  patellata,  and  M.  steironimata  were  potential  pollinators  of  Lysimachia 
fraseri. 

Lysimachia  fraseri  is  most  similar  to  the  Eurasian  Lysimachia  vulgaris  L.  (garden 
loosestrife),  and  is  known  to  escape  from  cultivation  in  the  eastern  United  States 
(Mohlenbrock  1986,  Gleason  and  Cronquist  1991).  Lysimachia  fraseri  has  a  glandular- 
pubescent  stem  on  the  upper  half  and  stipitate-glandular  leaf  margins,  while  Lysimachia 
vulgaris  has  a  viscid-pilose  stem  above  and  ciliate  leaf  margins.  Lysimachia  punctata 
(spotted  loosestrife)  is  another  Eurasian  species  with  whorled,  punctate  leaves  similar  in 
appearance  to  Lysimachia  fraseri.  It  differs  in  lacking  the  red-purple  margin  along  the 
sepals  and  the  margins  of  the  corolla  lobes  are  glandular-ciliate.  Lysimachia  punctata  has 
primarily  escaped  from  cultivation  in  the  northeastern  United  States,  whereas  Lysimachia 
vulgaris  may  be  found  throughout  the  eastern  United  States  (Gleason  and  Cronquist 
1991). 

Lysimachia  fraseri  occurs  in  the  southeastern  United  States  from  North  Carolina  south¬ 
west  to  Alabama  and  northwest  to  southern  Illinois  (Radford  et  al.  1968;  Gleason  and 
Cronquist  1991;  Bates  1998).  Lysimachia  fraseri  is  currently  known  from  7  states  and  21 
counties.  Bates  (1998)  confirmed  86  extant  populations  in  11  counties  and  42  extirpated, 
historical,  or  unconfirmed  populations  in  18  counties. 

Bates  (1998)  noted  that  86%  of  all  extant  populations  occur  in  a  contiguous  six-county 
area  of  Georgia,  North  Carolina,  and  South  Carolina,  which  is  the  center  of  this  species 
distribution  in  the  southern  Appalachian  Mountains.  The  majority  of  extant  populations 
occur  in  a  four  county  region  of  northeast  Georgia  (Rabun  County,  10  populations), 
southwest  North  Carolina  (Jackson  County,  13  populations),  northwest  South  Carolina 
(Oconee  County,  40  populations),  and  southeast  Tennessee  (Polk  County,  10  popula¬ 
tions).  A  second  disjunct  group  of  populations  occurs  in  Tennessee  along  the  Ocoee 
River  and  southward  into  Georgia  and  Alabama.  A  third  disjunct  group  of  northern 
populations  occurs  in  Illinois  (Pope  County),  Kentucky  (Marshall  County),  and  Tennes¬ 
see  (Stewart  County;  Bates  1998). 

Lysimachia  fraseri  has  been  found  in  a  variety  of  natural  and  human-disturbed  habitats 
from  rock  outcrop  edges,  stream  terraces,  forested  slopes,  roadsides,  powerlines,  old  log¬ 
ging  roads,  old  homesites,  clearcut  forests,  and  hiking  trails.  Bates  (1998)  found  that  56% 
of  the  extant  populations  of  this  species  occurred  in  human-disturbed  habitats.  Lysima¬ 
chia  fraseri  is  referred  to  as  a  disturbance-adapted  species  that  requires  either  natural  or 
artificial  disturbances  for  its  survival. 


METHODS 

The  Lusk  Creek  population  of  Lysimachia  fraseri  was  surveyed  in  1999  and  2000  during 
three  separate  visits.  Searches  for  additional  populations  were  conducted  during  1999  and 
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2000  in  suitable  habitats  in  the  Greater  Shawnee  Hills  and  Cretaceous  Hills  of  Pope 
County  (Schwegman  et  al.  1973). 

Demographic  data  recorded  in  May  1999  consisted  of  number  of  plants,  number  of  stems 
per  plant,  stem  height,  and  number  of  leaf  whorls.  Environmental  data  recorded  in  May 
1999  consisted  of  soil  depth,  soil  pH  using  a  soil  tester  pH/moisture  meter,  aspect,  per¬ 
cent  slope  using  a  clinometer,  slope  position,  and  percent  canopy  cover  using  a  spherical 
densiometer.  Habitat  characteristics  recorded  were  associated  plant  species  and  plant 
community  using  survey  methods  described  by  White  and  Madany  (1978).  Descriptive 
statistics  were  calculated  using  Statmost  for  Windows  Version  3.5. 

RESULTS  AND  DISCUSSION 

During  three  visits  to  the  Lusk  Creek  population  only  one  plant  was  observed.  This  plant 
was  located  on  19  May  1999  but  it  was  not  observed  during  subsequent  visits  on  28 
August  1999  and  16  May  2000.  In  1999,  the  plant  was  growing  adjacent  to  a  large  boul¬ 
der  in  sandy  soil  of  a  stream  terrace  in  mesic  upland  forest.  The  plant  was  45.1  cm  tall, 
had  one  stem,  and  had  5  whorls  of  leaves  on  the  stem  (3  leaves  at  each  node)  in  May.  The 
most  frequent  associated  species  were  Alnus  serrulata  (smooth  alder),  Andropogon  ger- 
ardii  (big  bluestem),  Athyrium  angustum  (lady  fern),  Cornus  obliqua  (pale  dogwood), 
Dichanthelium  yadkinense  (panic  grass),  Eupatorium  fistulosum  (hollow  joe-pye-weed), 
Solidago  caesia  (woodland  goldenrod),  Solidago  patula  (spreading  goldenrod),  Viburnum 
dentation  (southern  arrowwood),  and  Zizia  aurea  (golden  alexanders).  The  mean  soil  pH 
was  6.3  ±  0.1  and  soil  depth  was  shallow  averaging  less  than  10  cm.  The  site  was  east- 
northeast  facing  and  had  a  very  open  canopy  (39.7%  canopy  coverage).  The  percent  slope 
from  the  edge  of  the  population  to  the  edge  of  Lusk  Creek  averaged  14%. 

Lysimachia  fraseri  is  currently  not  known  to  be  from  any  extant  population  in  Illinois.  If 
this  species  is  extirpated  in  Illinois,  it  is  not  due  to  human  disturbance.  It  appears  that  the 
extirpation  of  the  species  in  Illinois  may  be  due  to  natural  factors  such  as  a  recent  treefall 
and  associated  microclimate  changes  at  the  historic  site.  A  large  Nyssa  sylvatica  (black 
gum),  approximately  57  cm  in  diameter,  fell  into  the  center  of  the  population  during  the 
mid-1990's  (Beth  Shimp,  pers.  comm.).  This  same  area  was  overgrown  and  heavily 
shaded  by  Alnus  serrulata ,  Athyrium  angustum ,  and  Cornus  obliqua  when  surveyed  in 
1999  and  2000.  McNeil  (1992)  thought  that  timbering  would  be  a  threat  to  this  species,  as 
it  would  allow  too  much  light  to  penetrate  to  the  forest  floor.  This  scenario  might  be 
responsible  for  the  demise  of  the  Lusk  Creek  population.  The  treefall  may  have  also 
altered  the  flow  and  velocity  of  Lusk  Creek  in  this  specific  area,  which  could  also  con¬ 
tribute  to  the  disturbance  regime  necessary  for  the  survival  of  L.  fraseri  at  this  site.  Bates 
(1998)  noted  that  the  greatest  threats  to  this  species  were  shading  and  competition  from 
successional  growth,  disturbance  of  hydrological  processes  in  riparian  corridors,  and 
human  disturbances  to  populations  along  roadsides  and  powerlines.  John  Ebinger  (pers. 
comm.)  indicated  that  a  disturbance  event  such  as  a  treefall  to  an  isolated,  single  popula¬ 
tion  of  a  species  would  likely  cause  a  local  extinction  event.  Bates  (1998)  noted  that  the 
southern  Illinois  population  was  the  only  one  remaining  in  the  northern  disjunct  group 
that  includes  western  Kentucky  and  Tennessee. 
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The  biggest  threat  to  the  small  numbers  of  Lysimachia  fraseri  in  Illinois  appears  to  be  its 
inability  to  persist  or  recover  from  natural  disturbance.  There  remains  an  abundance  of 
potential  habitat  along  Lusk  Creek,  Burke  Branch,  and  other  creeks  in  Pope  County,  so 
this  species  may  still  be  present  in  Illinois.  Additional  searches  were  conducted  along 
Burke,  Cooney,  and  Little  Lusk  Creeks  in  Pope  County  but  no  plants  were  located. 

Bates  (1998)  surveyed  the  Lusk  Creek  population  and  noted  the  decline  from  100  plants 
in  1991  to  three  plants  in  1998.  She  suggested  the  use  of  canopy  clearing  to  help  maintain 
this  population.  It  is  more  likely  that  removal  of  the  competing  shrubs  and  herbs  would 
have  been  beneficial  since  the  population  was  within  an  open  canopy.  It  would  be  inter¬ 
esting  to  clear  the  Nyssa  trunk  and  competing  shrubs  and  herbs  from  the  known  site  at 
Lusk  Creek  and  determine  if  this  species  has  been  dormant,  as  either  rhizomes  or  seeds, 
for  several  years  waiting  for  the  return  of  proper  environmental  conditions  to  the  site. 
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ABSTRACT 

A  key  question  raised  by  the  increases  in  precipitation  occurring  during  latter  half  of  the 
20th  Century  over  Illinois  and  the  central  U.S.  concerned  the  potential  effects  on  the 
hydrologic  cycle.  Projections  of  climate  change  for  the  Midwest  call  for  these  rain 
increases  to  continue  into  the  future,  and  this  study  sought  to  estimate  how  all 
components  of  the  hydrologic  cycle  of  a  typical  Illinois  basin  would  be  affected.  Most 
climate  change  assessments  have  addressed  the  impact  of  the  added  precipitation  on 
streamflow  and  flooding  of  large  basins.  An  existing  watershed  model  that  had  been 
developed  and  calibrated  on  a  well-instrumented  small  rural  basin  in  central  Illinois  was 
used  to  estimate  the  distribution  of  the  additional  water  from  three  levels  of  increased 
summer  rainfall  simulated  to  have  occurred  during  actual  sequences  of  recent  dry  and  wet 
years.  Results  showed  that  about  half  of  the  added  water  in  all  added  rain  situations 
percolated  into  ground  water  storage,  which  would  have  major  benefits  since  most  urban 
and  rural  water  supply  systems  in  central  Illinois  depend  on  ground  water  sources.  In  dry 
years,  10%  to  15%  of  the  additional  water  went  to  transpiration,  reflecting  crop  water  use 
and  potential  increases  in  crop  yields.  In  wet  years,  35  to  40%  of  the  added  water  became 
runoff,  whereas  runoff  in  dry  years  was  only  13%  to  22%  of  the  added  water.  The 
simulated  rain  increase  consisting  of  a  25%  increase  on  moderate  to  heavy  rain  days 
exhibited  the  greatest  effects  on  the  basin’s  hydrologic  components. 


INTRODUCTION 

A  recent  climate  study  showed  that  major  portions  of  the  United  States  have  experienced 
temporal  increases  in  precipitation  during  the  past  40  to  80  years  (Karl  and  Knight, 
1998).  These  findings  have  led  to  a  series  of  investigations  attempting  to  discern  whether 
the  noted  precipitation  increases,  which  included  heavy  rain  events,  had  led  to  more 
floods.  Flood  losses  have  been  steadily  increasing  over  time  (Kunkel  et  al.,  1999). 

A  study  of  floods  and  heavy  summer  rains  (>5.1  cm)  on  major  river  basins  in  Illinois 
during  1921-1980  found  a  27%  statewide  increase  in  heavy  rain  days  and  a  77%  average 
increase  in  floods  (Changnon,  1983).  Heavy  7-day  rainfall  events  across  the  Midwest 
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exhibited  upward  trends  for  the  1930-1995  period  (Kunkel  et  al.  1999),  and  these  warm 
season  increases  occurred  where  annual  flood  events  had  also  increased  (Changnon  and 
Kunkel,  1995).  Changnon  and  Demissie  (1996)  assessed  annual  streamflow  values  of 
four  Illinois  river  basins,  and  found  increases  from  1940  to  1990.  Increases  in 
precipitation  over  time  accounted  for  about  one-third  of  the  streamflow  change,  and  the 
remaining  change  was  due  to  human  changes  in  basin  land  use. 

In  summary,  these  various  hydroclimatic  studies  have  defined  1)  an  increase  of  warm 
season  rainfall  in  the  Midwest,  and  2)  increases  in  streamflow  and  flooding  on  large  river 
basins.  However,  they  have  not  delineated  how  each  of  the  various  components  of  the 
hydrologic  cycle  have  been  affected  by  the  added  rainfall.  If  the  future  rainfall  increases 
predicted  for  the  Midwest  occur  as  predicted  (National  Assessment  Synthesis  Team 
2001),  how  will  the  additional  water  be  distributed  within  the  hydrology  of  a  basin? 

A  watershed  model  that  had  been  constructed  for  assessing  effects  of  climate  conditions 
on  the  hydrologic  cycle  of  a  typical  Midwestern  basin  (Durgunoglu  et  al.,  1987)  was 
employed  to  estimate  how  three  different  simulated  increases  in  summer  rainfall  would 
alter  the  various  components  of  the  hydrologic  cycle. 

DATA  AND  MODEL  EVALUATION 

A  physically-based,  quasi-distributed  parameter  watershed  model  designed  to  assess 
effects  of  various  weather  changes  on  the  basin’s  hydrologic  cycle  was  developed  for  a 
central  Illinois  basin  with  regionally  representative  soils  and  agricultural  land  use 
(Durgunoglu  at  al.,  1987).  The  model  could  simulate  variations  in  soil  moisture, 
evapotranspiration  (ET),  infiltration,  ground-water  flow,  and  surface  flow  due  to 
precipitation  amounts.  Such  simulations  were  calculated  using  the  actual  precipitation 
from  several  past  years,  and  in  turn,  those  for  simulated  increases  in  the  actual  summer 
rainfall  events.  The  increases  in  rainfall  assessed  were  10%  and  25%  in  the  total  summer 
rainfall,  and  25%  more  in  the  moderate  and  heavy  summer  rains.  The  model  operated 
with  variable  time  steps  and  hence  provided  a  reliable  accounting  of  water  movement 
over  a  period  of  time  (Durgunoglu  et  al.,  1987). 

The  model  had  been  developed  and  calibrated  for  a  small  stream  basin  (19.8  square 
kilometers)  in  central  Illinois,  the  Upper  Kaskaskia  River  Basin.  This  basin  had  been 
chosen  for  model  development  because  it  had  long-term  records  (1949-1989)  of 
precipitation  from  three  raingages,  soil  moisture  measurements  of  the  basin’s  two 
different  soil  types,  measurements  of  ground-water  levels  from  an  observation  well,  and 
streamgage  data.  Because  of  the  extensive  instrumentation,  the  model  of  the  basin  had 
been  well  calibrated.  The  desirable  characteristics  of  the  model  included  its  flexibility, 
permitting  testing  against  existing  hydrologic  measurements,  and  its  incorporation  of 
available  data  on  climatic  conditions,  soils,  and  crop  characteristics.  It  also  had  the  spatial 
resolution  needed  for  assessing  basins  of  this  size,  plus  temporal  resolutions  ranging  from 
annual  to  hourly  increments. 

In  order  to  be  realistic,  the  modeling  capability  also  addressed  the  fact  that  there  is  no 
beginning  or  ending  to  the  annual  hydrologic  cycle.  In  general,  evaporated  and  transpired 
water  condenses  in  the  atmosphere  and  returns  to  earth  as  precipitation.  Some  of  this  runs 
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off  the  surface  to  water  bodies;  some  infiltrates  into  the  soil  and  replenishes  soil  moisture; 
and  excess  soil  moisture  percolates  downwards  to  recharge  the  groundwater  reservoir 
which  in  turn  feeds  lakes  and  rivers.  These  processes  are  typically  assessed  on  a 
watershed  basis.  Responses  of  a  watershed  to  variations  in  climatic  variables  can  only  be 
meaningfully  assessed  using  a  watershed  model  that  adequately  describes  the  temporal 
movement  and  distribution  of  water  in  the  soil-plant-atmosphere  interface  over  sequences 
of  several  years,  not  for  just  one  year. 

The  modeled  basin  is  in  a  rural  area  devoted  to  the  growth  of  corn  and  soybean  crops,  and 
the  two  soils  of  the  basin,  Drummer  (48%  of  the  basin)  and  Flanagan  (52%  of  the  basin), 
had  been  well  delineated.  The  surface  topography,  which  was  reasonably  flat  (maximum 
relief  is  33  meters),  had  also  been  mapped,  and  detailed  historical  crop  records  existed. 
The  average  annual  discharge  at  the  basin’s  outlet  is  0.3mVsec.  Necessary  climatic  data 
input  to  the  model,  in  addition  to  the  daily  precipitation  from  basin  raingages,  included 
air  temperatures,  wind  speeds,  relative  humidity,  and  cloud  cover,  and  all  were  available 
at  a  nearby  (6  km)  weather  station.  To  adjust  for  rainfall  variability,  rainfall  values  used 
in  each  part  of  the  basin  were  those  from  the  nearest  of  the  three  gages,  and  the  other 
weather  measures  were  set  the  same  across  the  basin.  Temperatures,  humidities,  and 
winds  measured  over  many  years  exhibit  little  spatial  variability  for  areas  of  this  basin 
size.  The  entire  basin  had  drainage  tiles,  a  factor  that  was  included  in  the  water 
distribution  model.  The  model  had  input  defining  the  drainage  pattern  including  sizes  of 
stream  channels  throughout  the  basin.  The  base  of  the  Wisconsin  glacial  drift,  located  20 
to  35  meters  below  the  surface,  rested  on  an  impermeable  layer,  and  the  ground-water 
modeling  involved  assessing  the  conditions  in  this  thick  zone  of  glacial  drift  (Durgunoglu 
et  al.,  1987). 

The  watershed  model  was  a  hybrid,  devised  with  a  modular  structure  using  sub  models 
from  several  existing  models  and  fusing  them  together  (Durgunoglu  et  al.,  1987).  As 
shown  in  Figure  1,  precipitation,  soil  moisture,  evapotranspiration,  infiltration,  ground- 
water  flow,  and  surface  flow  were  all  processes  treated  separately  in  the  model.  The 
model  had  three  major  components,  one  for  surface  flow,  one  for  soil  moisture,  and  a 
third  for  ground  water,  and  each  component  operated  with  at  least  one  process  to  link 
them  to  the  other  components.  For  example,  the  surface  flow  component  was  linked  to 
the  soil  moisture  component  by  jointly  calculated  evapotranspiration  and  infiltration 
values.  The  watershed  components  were  calculated  for  each  of  198  squares,  or  blocks,  as 
outlined  at  the  base  of  the  diagram  in  figure  1.  Each  block  in  the  basin  was  400  meters  by 
400  meters.  The  model  was  calibrated  for  the  basin  using  historical  precipitation, 
streamflow,  ground-water,  and  soil  moisture  values  for  1981-1985  (Durgunoglu  et  al., 
1988). 

Verification  of  the  model’s  performance  was  conducted  using  multi-year  periods  when 
precipitation  was  near  normal  (1981-1985),  excessively  dry  (1951-1954),  and  much 
above  normal  (1972-1975).  These  calibration  tests  included  comparing  the  model  outputs 
of  soil  moisture,  ground-water  flow,  and  streamflow  values  with  actual  measured  values. 
These  tests  were  performed  before  assessing  the  effects  of  simulated  added  rainfall. 
Outputs  from  the  model’s  soil  moisture  component,  which  had  32  soil  moisture 
parameters,  were  calibrated  using  the  two  sets  of  soil  moisture  data  from  within  the  basin. 
Figure  2  presents  the  comparative  soil  moisture  values  obtained  for  three  years  on  one  of 
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the  basin’s  two  soil  types.  The  model-estimated  values  for  both  soil  types  closely 
followed  the  actual  in-field  soil  moisture  values  from  the  beginning  year  throughout  the 
total  test  time  of  three  years.  The  average  difference  between  modeled  and  actual  values 
was  only  1.3  cm,  less  than  2%. 

The  ground-water  component  (Fig.  1)  was  a  fully  distributed  parameter  sub-model  and  its 
inputs  for  each  soil  type  included  the  coefficient  of  permeability,  the  storage  coefficient, 
land  elevations,  thickness  of  the  impermeable  layer,  and  drainage  tile  information 
(Durgunoglu  et  al.,  1987).  In  relatively  flat  watersheds  like  the  one  assessed,  streamflow 
consists  mainly  of  ground- water  infiltration  and  tile  drainage  (runoff).  Therefore,  ground- 
water  levels  are  a  good  indicator  of  the  streamflows  and  total  soil  moisture.  The  total  soil 
moisture  and  deep  percolation  (seepage)  values,  as  calculated  for  one  soil  type  during 
1982-1984,  are  illustrated  in  Figure  3.  Comparison  of  the  soil  moisture  and  seepage 
values  with  the  ground- water  levels  in  the  basin’s  well  site  (bottom  diagram)  reveals  a 
close  relationship. 

Observed  and  estimated  daily  streamflow  values,  as  determined  from  the  daily 
percolation  values,  for  the  three  test  years  are  shown  in  Table  1.  The  model-estimated 
flows  were  slightly  more,  by  2  to  9  percent,  than  the  actual  observed  values  in  the  three 
test  years,  indicating  that  the  model’s  estimates  were  quite  representative. 

Model  verification  was  also  pursued  for  conditions  more  extreme  than  those  in  the  1981- 
1985  period.  One  period  covered  very  dry  conditions  during  1952-1954  (driest  of  the 
1949-1989  period),  whereas  the  other  period  covered  the  four  wettest  years,  1972-1975. 
The  observed  and  estimated  daily  streamflow  values,  and  the  annual  precipitation  totals, 
for  these  eight  years  appear  in  Table  2.  Comparison  reveals  that  in  6  of  the  8  years,  the 
estimated  flow  differed  by  less  than  9  percent  of  the  observed  flow.  The  average  annual 
difference  was  7.7%.  Figure  4  illustrates  the  estimated  and  observed  daily  flow 
distributions  for  1953  and  1973.  Streamflow  estimates  for  1953,  a  dry  year,  show  a  close 
relationship  of  the  estimated  with  the  observed  values,  and  in  1973,  a  wet  year,  the 
relationship  is  also  quite  close,  particularly  in  the  critical  summer  months.  The  correlation 
coefficient  of  the  two  summer  sets  of  values  was  +0.91,  significant  at  the  1%  level.  These 
various  comparisons  revealed  that  the  model  did  an  excellent  job  of  defining  the 
hydrologic  components  of  the  basin  in  extremely  dry  and  wet  years,  as  well  as  in  years 
with  near  normal  precipitation. 

EFFECTS  OF  MORE  RAINFALL 

The  effect  of  added  summer  rainfall  was  based  on  simulating  three  types  of  changes  to 
the  actual  daily  rainfall  amounts  from  selected  sequences  of  years  during  1950-1990. 
This  approach  retained  the  distribution  of  the  actual  rain-producing  conditions  and  did 
not  create  additional  rain  days.  Most  climatic  studies  have  found  small  or  no  temporal 
increases  in  the  number  of  rain  days,  only  increases  in  amounts  (Karl  and  Knight,  1998). 
The  assessment  of  the  effects  of  added  summer  rainfall  was  performed  using  data  from 
1951-1954,  the  41-year  period’s  driest  multi-year  period,  and  for  1972-1975,  the  wettest 
multi-year  period  in  the  basin. 
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The  rainfall  changes  were  selected  to  match  the  reported  magnitudes  of  increases  found 
in  most  climate  records  for  the  Midwest  since  1950  and  those  apt  to  occur  in  the  future. 
They  included:  1)  a  10%  rain  increase  on  all  rain  days,  2)  a  25%  rain  increase  on  all  rain 
days,  and  3)  a  25%  increase  in  days  when  actual  amounts  were  in  excess  of  63  mm.  For 
each  of  the  levels  of  rainfall  change,  model  calculations  were  performed,  and  a  summary 
was  developed  describing  the  distribution  of  the  added  rainfall  among  various  hydrologic 
components  over  time.  The  added  rainfall  associated  with  these  changes  could  become 
runoff  into  the  basin’s  streams,  evaporation  from  the  surface  or  shallow  soil  layers, 
infiltration  into  the  soil  and  later  be  used  by  plants  to  become  transpiration,  or  remain  in 
the  soil  and  percolate  down  to  the  ground  water  table.  For  each  year,  the  modeled  values 
for  each  level  of  changed  rainfall  were  compared  with  those  based  on  the  actual  rain  that 
fell. 

A  detailed  summary  was  then  developed  for  each  year  showing  the  disposition  of  the 
added  water  in  the  various  components  of  the  hydrologic  cycle.  The  primary  values 
examined  for  each  year,  and  each  soil  type,  included  the  total  transpiration  (the  crop 
water  use),  the  total  evapotranspiration,  total  surface  runoff,  and  total  deep  percolation. 
Selected  results  for  one  year  on  one  of  the  two  soil  types  are  shown  in  Table  3.  In  this 
year  (1951)  the  various  rainfall  increases  produced  no  differences  in  the 
evapotranspiration  and  transpiration  amounts,  but  had  differing  effects  on  the  amounts  of 
deep  percolation  and  runoff. 

The  annual  values  derived  for  the  four  dry  years  (1951-1954)  of  both  soil  types  were 
averaged  as  were  the  values  for  the  four  wet  years  (1972-1975).  The  areal  extent  of  each 
soil  type  was  accounted  for  in  determining  these  averages.  The  resulting  basin-wide 
averages,  as  calculated  for  each  of  the  three  rain  increases  tested,  are  shown  in  Table  4. 
For  example,  at  the  10-percent  level  of  rain  increase,  the  4-year  evapotranspiration  values 
in  the  dry  years  averaged  18  percent  of  the  total  water  added  by  the  rain  increase,  and  49 
percent  of  the  added  water  percolated  into  the  ground  water.  The  three  sets  of  rain 
increase  values  for  the  four  wet  years  reveal  no  difference  related  to  the  type  of  rain 
increase  in  the  amount  of  evapotranspiration  and  amount  of  transpiration.  This  is  similar 
to  the  outcome  for  1951  (Table  3).  All  values  were  small  percentages,  ranging  from  3  to  5 
percent.  As  the  rain  increase  grew  in  the  wet  years,  the  amount  of  added  water  going  into 
percolation  decreased  from  57  percent  (10%  more  rain)  to  52%  (25%  more  on  heavy  rain 
days).  Conversely,  as  the  rain  increase  grew,  the  amount  of  water  going  to  runoff 
increased  from  35%  to  39%.  The  outcomes  for  wet  years  are  not  surprising  but  the 
important  findings  are  identification  of  the  magnitudes  of  each  component. 

Comparison  of  the  values  for  the  four  dry  years  also  revealed  little  difference  in  the 
amount  of  water  going  to  transpiration  and  evapotranspiration,  but  the  highest 
percentages  of  both  were  with  the  25%  increase  in  heavy  rain  days.  Evapotranspiration 
accounted  for  15%  to  18%  of  the  additional  water.  Percolation  increased  as  the  rain 
increase  went  up,  from  49%  to  54%.  As  would  be  expected,  the  amount  of  runoff  from 
the  added  water  decreased  as  the  rain  increase  grew. 

Comparison  of  the  dry  year  and  wet  year  percentages,  as  illustrated  by  the  wet-dry 
differences  in  Table  4,  reveals  the  percolation  to  ground  water  of  the  added  water  is  the 
largest  value  for  both  extremes,  generally  ranging  from  50  to  60  percent  of  the  additional 
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rain  water.  Percolation  was  slightly  greater  for  the  wet  years.  Such  ground-water 
additions  would  have  considerable  value  in  Illinois  because  most  rural  and  urban  water 
supplies  are  dependent  on  ground  water. 

Water  going  to  runoff  is  the  second  largest  amount  for  both  wet  and  dry  years.  As  would 
be  expected,  much  more  of  the  added  water  went  to  runoff  in  the  wet  years,  13  to  26% 
more.  This  is  realized  in  added  streamflow  and  may  reflect  an  increased  potential  for 
flooding. 

The  amount  of  added  water  going  into  transpiration,  which  is  indicative  of  crop  water 
use,  is  very  small  for  the  wet  years,  3  to  5%.  In  the  drier  years,  the  transpiration  amounts 
shift  upward,  becoming  11  to  15%,  indicative  of  value  to  the  basin’s  crop  production. 
The  results  agree  with  findings  based  on  use  of  crop  yield-weather  models  to  assess 
increases  in  Illinois  corn  yields  from  rains  increased  by  cloud  seeding.  Summer  rain 
increases  of  25%  were  found  to  be  associated  with  corn  yield  increases  ranging  from  -3% 
to  2%  (wet  summers)  and  being  1 1%  to  18%  in  dry  summers  (Huff  and  Changnon  1972). 

SUMMARY  AND  CONCLUSIONS 

A  water  balance  model  developed  for  a  central  Illinois  watershed  that  had  extensive  41- 
year  measurements  of  precipitation,  soil  moisture,  ground-water  levels,  and  streamflow, 
was  used  to  define  all  basin’s  hydrologic  components  and  their  responses  to  varying 
precipitation  amounts.  Simulated  increases  in  summer  rainfall,  selected  in  accordance 
with  climatological  findings  showing  10  to  25%  increases,  were  used  to  estimate  the 
distribution  of  the  additional  water  within  the  hydrologic  cycle.  The  broader  goal  was  to 
gain  a  perspective  of  how  future  climatic  shifts  that  are  expected  to  include  more  rainfall 
(Working  Group  One,  2001)  would  potentially  influence  the  hydrologic  cycle  of 
Midwestern  stream  basins. 

The  model  output  verified  well  with  average  and  extreme  summer  precipitation 
conditions.  Three  levels  of  rainfall  change  (+10%,  +25%,  and  +25%  on  moderate  to 
heavy  rain  days)  were  simulated  in  the  model  for  runs  of  four  dry  years  and  four  wet 
years  to  measure  the  distribution  of  the  added  water  under  extreme  conditions.  Results 
revealed  that  for  both  types  of  years,  between  49%  and  57%  of  the  added  water 
percolated  into  the  basin’s  ground-water  system.  Runoff  was  increased  between  20%  and 
40%  with  much  more  occurring  in  the  wet  years,  as  expected.  Amounts  of  water 
transpired,  indicative  of  crop  water  use,  varied  considerably  between  wet  and  dry  years. 
In  the  wet  years  only  3%  to  5%  of  the  additional  water  was  transpired,  but  in  dry  years, 
transpiration  ranged  from  11%  (10%  rain  increase)  to  15%  (25%  increase  in  heavier 
rains)  of  the  additional  water.  These  shifts  in  crop  water  use  match  well  with  findings 
from  earlier  studies  based  on  crop  yield-weather  models  for  this  area  (Changnon  and 
Winstanley  2000).  The  values  for  evapotranspiration,  transpiration,  and  percolation,  as 
determined  for  the  25%  rain  increase  on  heavier  rain  days  and  in  dry  years,  exceeded 
those  for  the  other  two  rain  increases  tested  (Table  4).  In  wet  years,  the  25%  increase  in 
heavier  rain  days  produced  the  largest  runoff  value,  and  collectively  these  results  indicate 
that  this  type  of  change  in  summer  rains  would  have  the  largest  overall  impact  on  the 
hydrologic  components  of  a  small  basin. 
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If  summer  season  rain  increases  persist  and  become  a  part  of  future  climate  conditions, 
these  results  indicate  the  major  benefit  of  the  additional  water  will  occur  in  ground-water 
supplies.  This  has  substantial  importance  since  much  of  the  region’s  urban  and  rural 
water  supplies  are  derived  from  ground  water.  There  is  also  strong  evidence  that  crop 
yields  would  be  measurably  enhanced  in  drier  future  summers. 
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Table  1.  Estimated  and  observed  total  streamflow  values  for  Water  Years  of  1983-1985. 


Total  streamflow,  centimeters 

Water  Year 

Estimated 

Observed 

Difference,  as  a 
percent  of  observed 

1983 

42.1 

39.5 

6.5 

1984 

45.6 

44.7 

2.0 

1985 

26.1 

23.9 

9.2 

Table  2.  Estimated  and  observed  annual  streamflow 
precipitation  amounts  for  extreme  years. 

values  and  basin-average 

Streamflow,  cm 

Year 

Precipitation, 

cm  Estimated 

Observed 

Difference 

Percent  of  Observed 

Dry  period 

1951 

97.5 

37.2 

39.3 

5.3% 

1952 

86.0 

30.1 

27.8 

8.2% 

1953 

66.3 

13.6 

11.7 

16.2% 

1954 

75.4 

4.8 

5.0 

4.0% 

Wet  period 

1972 

109.1 

40.8 

36.3 

12.3% 

1973 

125.0 

53.8 

55.3 

2.7% 

1974 

110.7 

51.7 

55.8 

7.3% 

1975 

116.6 

31.6 

30.4 

3.9% 
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Table  3.  Model-based  calculations  of  the  annual  values  of  the  hydrologic  components 
for  1951  and  for  the  Flanagan  Soils  in  the  Upper  Kaskaskia  River  Basin. 
Values  are  in  centimeters. 


Rain  increases1 


Process 

No  increase 

10%  increase 

25%  increase 

25%  increase 
heavy  rains 

Precipitation 

97.5 

99.7 

102.98 

101.4 

Evapotranspiration 

62.8 

63.0 

63.0 

63.0 

Transpiration 

35.5 

35.6 

35.6 

35.6 

Deep  percolation 

25.5 

26.7 

28.3 

29.2 

Surface  runoff 

4.8 

5.7 

7.3 

5.1 

‘increases  shown  were  to  summer  (J-A)  rainfall  which  was  22.1  cm  in  1951. 


Table  4.  Comparison  of  4-year  average  values  of  water  dispositions  for  wet  and  dry 
years,  expressed  as  a  percent  of  the  total  water,  for  the  three  levels  of  summer 
rainfall  increases. 


10-percent  increase 


25  percent  increase 


25  percent  increase 
In  heavy  rain  days 


Dry  Wet 
years  |  years 

Difference 

W-D 

Dry 

years 

Wet 

years 

Difference 

W-D 

Dry 

years 

Wet 

years 

Difference 

W-D 

Evapotranspiration 

18  |  5 

-13 

15 

4 

-11 

18 

4 

-14 

Transpiration 

11  !  3 

-8 

12 

4 

-8 

15 

5 

-10 

Percolation 

49  |  57 

8 

50 

54 

4 

54 

52 

-2 

Runoff 

22  I  35 

13 

23 

38 

15 

13 

39 

26 
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Figure  1.  Components  of  the  watershed  model  showing  the  inputs,  outputs,  and 
interactive  processes  (from  Durgunoglu  et  al.,  1987). 
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Figure  2.  Estimated  and  observed  total  soil  moisture  values  for  Drummer  soils  in  the 
Upper  Kaskaskia  River  Basin  for  three  test  years. 
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Figure  3.  Estimated  total  soil  moisture,  estimated  seepage  (percolation)  for  the  Flanagan 
soils  and  the  ground-water  elevations  for  the  Upper  Kaskaskia  River  Basin. 


1982 
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1984 


Cubic  meter/second  Cubic  meter/second 
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Figure  4.  Observed  and  estimated  streamflows  for  the  Upper  Kaskaskia  River  Basin  in 
1953  (upper)  and  1973  (lower). 
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ABSTRACT 

Since  the  1950s  atmospheric  scientists  at  the  Illinois  State  Water  Survey  played  proactive 
and  reactive  roles  in  major  Illinois  policy  issues.  Review  of  the  50  years  of  policy  inter¬ 
actions  reveals  that  five  factors  were  important  for  obtaining  successful  science-policy 
interactions.  These  included  developing  a  definitive  understanding  of  how  weather  and 
climate  affect  all  aspects  of  life  in  Illinois;  establishing  a  constituency  based  on  knowl¬ 
edgeable  services;  dealing  effectively  with  state  officials;  communicating  atmospheric 
information  effectively  in  Illinois  and  nationally;  and  being  able  to  address  widely 
diverse  weather-related  issues.  The  diverse  expertise  of  the  scientists  allowed  informed 
interactions  on  widely  different  issues  including  cloud  seeding,  climate  change,  acid  rain, 
and  the  diversion  of  Great  Lakes  water  at  Chicago.  Survey  scientists  participated  in  pro¬ 
moting  federal  legislation  in  the  climate  services  issue,  in  addressing  needs  for  federal 
programs  relating  to  flooding,  droughts,  and  climate  change;  and  in  seeking  federal 
funding  through  Congress  for  atmospheric  science  programs.  State  programs  in  weather 
modification  and  global  climate  change,  including  new  legislation  and  regulations,  have 
also  been  advanced  by  the  scientists. 


INTRODUCTION 

How  scientific  information  and  expertise  get  involved  in  state  policy  issues  is  a  question 
often  asked  and  seldom  answered,  and  hence,  the  process  is  not  well  understood  by  many 
in  the  scientific  community  or  the  general  public.  Questions  that  arise  include  whether  the 
involvement  of  science  is  done  effectively,  by  accident,  or  in  timely  fashion.  This  paper 
attempts  to  answer  these  questions  by  reviewing  the  50-year  history  of  the  involvement 
of  atmospheric  science  information  and  expertise  in  Illinois  policy  issues. 

As  a  prelude  to  this  science-policy  assessment,  a  brief  description  of  the  Illinois  State 
Water  Survey  is  presented  illustrating  how  the  atmospheric  sciences  program  developed 
and  functioned  within  the  Survey  over  the  past  50+  years.  This  is  background  informa¬ 
tion  necessary  to  establish  the  institutional  setting  of  the  information  and  views  presented 
to  state  policymakers.  This  includes  identification  of  the  five  factors  identified  by  Survey 
scientists  as  essential  for  achieving  successful  policy  interactions.  Then,  descriptions  of 
the  seven  major  state  policy  issues  that  embraced  the  atmospheric  sciences  in  Illinois  are 
presented,  revealing  how  the  success-oriented  factors  came  into  play.  The  activities  in 
these  issues  are  then  summarized  revealing  the  values  gained  in  Illinois  as  a  result  of  the 
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successful  interactions  between  scientists  and  policy  makers.  These  provide  guidance  as 
to  how  scientists  of  any  discipline  need  to  act  to  be  effective  in  state  policy  forums. 

ILLINOIS  STATE  WATER  SURVEY: 

HOME  OF  THE  ATMOSPHERIC  SCIENTISTS 

The  Water  Survey  and  two  sisters  organizations,  the  State  Natural  History  Survey  and 
State  Geological  Survey,  were  established  more  than  100  years  ago.  As  the  19th  century 
ended,  exploitation  of  state  natural  resources  was  occurring.  Far-sighted  state  leaders  rec¬ 
ognized  the  need  for  independent  quality  science  expertise  and  data,  and  by  law  estab¬ 
lished  the  Surveys  at  the  University  of  Illinois  (Hays,  1980).  In  1917  the  State  further 
established  a  governing  board  for  the  three  Surveys  that  included  two  university  presi¬ 
dents  and  diverse  scientific  expertise.  This  governing  board,  and  the  Surveys  close 
affiliation  with  the  University  of  Illinois,  have  kept  the  Surveys  from  being  state  agencies 
staffed  with  political  appointees  and  with  responsibilities  to  provide  potentially  biased 
answers  to  satisfy  political  positions  of  certain  state  leaders.  Scientific  independence  is 
guaranteed  regardless  of  how  it  affects  certain  state  interests.  The  scientific  surveys  rep¬ 
resent  an  interesting  mix  of  academic  research  and  state  services.  The  Survey-related 
legislation  also  mandates  that  the  Surveys  disseminate  their  findings  widely,  including 
through  publications. 

The  Water  Survey’s  three  major  functions  in  1900  and  now  are  to  1)  collect  data  to 
monitor  state  water  and  atmospheric  resources,  2)  conduct  applied  and  basic  research  on 
relevant  problems,  and  3)  provide  services  to  the  state,  which  means  translation  of  data 
and  information  to  those  who  need  it.  Anticipating  emerging  problems  has  long  been  a 
focus  of  the  Water  Survey’s  data  collection  and  research  programs,  not  just  reacting  to 
well  established  problems. 

In  1947  the  Water  Survey  developed  an  atmospheric  sciences  group  as  a  result  of  con¬ 
stituent  questions  and  calls  for  assistance  relating  to  issues  like  cloud  seeding,  droughts, 
and  flood-producing  storms  (Changnon  and  Huff,  1997).  The  initially  small  group  of 
weather  scientists  grew  over  time  largely  as  a  result  of  federal  and  private  sector  funds 
for  research.  By  the  1960s  the  atmospheric  group  had  established  itself  as  a  nationally- 
recognized  quality  center  of  atmospheric  sciences  expertise  involved  in  large  field  pro¬ 
jects,  very  diverse  research,  and  extensive  generation  of  atmospheric  information. 

This  pattern  of  program  development  required  diverse  expertise  in  the  atmospheric  sci¬ 
ences  ranging  from  designing  and  operating  weather  radars  to  computer-based  cloud 
modeling.  The  program  depended  on  highly  skilled  staffing  that  could  compete  for  and 
conduct  federally-supported  research  and  development  projects  (Changnon  and  Huff, 
1996).  The  State  did  not  invest  sizable  resources  in  the  atmospheric  program,  providing 
funds  mainly  for  staff  facilities  and  a  few  staff  members.  However,  the  State  has 
benefited  greatly  for  over  50  years  by  having  this  diverse  in-state  expertise,  largely 
developed  with  external  funding,  available  to  address  many  widely  differing  state  needs 
including  numerous  policy  issues.  For  example,  as  a  result  of  involvement  in  a  variety  of 
policy  issues,  the  Survey  today  operates  two  large  networks  of  recording  raingages,  one 
in  central  Illinois  and  one  in  the  Chicago  area;  maintains  a  statewide  network  of  19 
automated  weather  stations;  and  serves  as  the  home  of  the  Midwestern  Regional  Climate 
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Center.  The  Survey’s  atmospheric  staff  includes  30  scientists,  10  technicians,  and  several 
students. 

If  an  atmospheric  scientist  and/or  an  institution  with  atmospheric  science  expertise  are  to 
be  useful  and  effective  in  state  policy  making,  the  factors  for  the  success  of  the  policy- 
science  interactions  in  Illinois  must  be  identified  and  followed.  From  the  beginning  of  the 
Illinois  atmospheric  science  group,  the  potential  activities  that  could  result  in  success  in 
the  policy  arena  were  assessed  and  defined.  This  led  to  the  identification  of  five  factors 
that  could  help  create  successful  science-policy  interactions. 

Factor  #1:  Understanding  the  Impacts  of  Weather  and  Climate 

In  Illinois,  developing  an  understanding  of  the  dimensions  of  how  the  atmosphere  affects 
the  state  and  all  of  its  weather-sensitive  sectors,  including  the  economic,  environmental, 
and  human  impacts  of  weather  on  various  sectors  such  as  agriculture,  water  resources, 
and  urban  areas,  has  been  critical  to  achieving  effective  policy  interactions.  This  basic 
information  allows  the  scientists  to  speak  with  authority  on  weather’s  importance  to  Illi¬ 
nois. 

Factor  #2:  Developing  a  Constituency 

Understanding  the  needs  of  various  sectors  of  society  and  conducting  meaningful  inter¬ 
actions  with  weather-sensitive  groups,  including  the  timely  provision  of  services  (data 
and  information),  help  lead  to  developing  a  strong  constituency  for  a  science  program.  A 
constituency  helps  scientists  get  support  for  proactive  atmospheric  policies  sought  such 
as  those  in  weather  modification,  climate  services,  and  climate  change.  For  example,  an 
important  aspect  of  the  climate  services  program  established  at  the  Water  Survey  related 
to  working  closely  with  state  constituents  and  policy  makers  to  assess  their  needs  (Lamb 
et  al.,  1983).  Considerable  research  attention  has  been  given  to  the  development  of  cli¬ 
mate  products  and  information  that  meet  the  constantly  varying  needs  of  the  state’s  water 
resource  managers,  agricultural  interests,  and  insurance  industry.  Attention  has  also  been 
given  to  the  general  public  and  its  need  for  information,  particularly  about  the  clima¬ 
tological  dimensions  of  weather  extremes  when  they  occurred. 

Factor  #3:  Dealing  Effectively  with  State  Officials 

Interacting  with  state  officials  on  policy  issues  has  to  be  done  with  recognition  that  it  is 
often  difficult  for  them  to  understand  complex  scientific  issues.  Hence,  information  has  to 
be  presented  in  user  friendly  formats  and  timely  fashion,  often  anticipating  emerging 
problems  and  needs  for  information. 

Factor  #4:  Communicating  Widely  and  Effectively 

Communicating  information  in  formats  users  can  understand  is  critically  important.  Pres¬ 
entations  of  atmospheric  information  in  state  magazines  and  frequently  in  the  news  media 
help  display  expertise  and  build  connections  between  the  atmospheric  scientists  and  pol¬ 
icy  makers.  It  is  also  important  to  communicate  state  atmospheric  findings  within  the 
national  atmospheric  sciences  community,  which  involves  publications  in  national  jour¬ 
nals  and  talks  at  scientific  conferences.  These  actions  help  establish  scientific  credibility 
of  the  staff,  a  factor  important  in  being  able  to  address  and  influence  national  policies  and 
federal  programs. 
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Factor  #5:  Addressing  Diverse  Issues 

Policy  making  at  the  state  level  relating  to  atmospheric  issues  is  often  done  in  a  reaction¬ 
ary  mode  with  little  planning,  and  a  wide  variety  of  very  different  issues  can  be  brought 
to  the  atmospheric  scientists  with  requests  for  rapid  and  intelligent  interpretations.  The 
issues  are  quite  diverse,  including  issues  like  air  pollution,  cloud  seeding,  drought,  floods, 
and  climate  change.  The  atmospheric  science  expertise  had  to  have  broad  expertise,  to  be 
well  informed  about  numerous  atmospheric  issues,  and  to  be  capable  of  rapid  responses 
to  inquiries  and  opportunities.  Recognition  of  emerging  atmospheric  issues  allow  scien¬ 
tists  to  seek  and  get  positive  state  decisions  to  improve  data  collection  and  research  pro¬ 
grams  through  new  state  funding.  Such  opportunities  to  get  state  involvement  in  atmos¬ 
pheric-related  needs  often  occurs  unexpectedly,  and  being  prepared  for  these  allow  sci¬ 
entists  to  achieve  new  programs.  Effectiveness  in  responding  to  diverse  policy  needs  also 
requires  performing  diverse  functions  including  applied  and  basic  research,  field  studies 
and  measurements,  data  collection  routinely  and  intermittently,  and  monitoring  of  climate 
conditions. 

MAJOR  POLICY  ISSUES  INVOLVING  THE  ATMOSPHERIC  SCIENCES 

Illinois,  with  a  sizable  urban  population,  a  highly  developed  agricultural  base,  extensive 
manufacturing  and  commercial  businesses,  and  serving  as  the  heart  of  the  nation’s  trans¬ 
portation  system,  is  a  state  with  many  weather-sensitive  activities.  These  have  created  a 
variety  of  policy  issues  that  many  states  do  not  face,  and  that  have  involved,  in  some 
manner,  the  atmospheric  sciences  in  policy  issues  tied  to  these  weather-sensitive  sectors. 

The  involvement  of  atmospheric  sciences  information  in  state  policy  issues  has  assumed 
three  forms.  One  was  internal,  being  Illinois-only  policy  development  and  adjustments. 
These  have  included  input  and  involvement  in  1)  enacting  and/or  changing  laws  (such  as 
control  of  weather  modification  projects);  2)  preparing  new  or  changing  existing  regula¬ 
tions  (such  as  those  for  heavy  rainfall  values);  3)  defining  the  dimensions  of  various 
weather/climate  extremes  and  helping  delineate  responses  for  dealing  with  hazards  such 
as  floods  and  droughts;  4)  conforming  to  state  rules  and  regulations  (such  as  those  for  air 
quality);  5)  assisting  important  constituent  groups  including  state  agencies  with  data  and 
information  to  address  key  weather  or  climate  issues;  and  6)  advising  state  government 
on  specific  policy  issues  (such  as  the  global  climate  change). 

A  second  form  consisted  of  involvement  in  external  policy  issues  at  the  national  level, 
including  expression  of  the  needs  and  concerns  of  the  State  on  federal  issues.  These  have 
included  conforming  to  national  laws  and  rules  (such  as  the  Great  Lakes  diversion  and 
statewide  air  quality);  defining  state  positions  on  national  issues  such  as  global  warming; 
and  prioritizing  funding  for  state-important  atmospheric  programs  and  activities  such  as 
weather  modification  research  and  the  development  of  regional  climate  centers. 

The  third  type  of  policy  issues  were  also  external  and  involved  interactions  with  other 
states.  These  have  addressed  issues  such  as  shared  climate  and  water  resources,  and  con¬ 
flicts  over  different  policy  positions  on  a  given  issue.  For  example,  resolving  air  pollution 
problems  shared  by  Missouri  and  Illinois  at  St.  Louis  involved  atmospheric  input  from 
Survey  scientists  on  pollution  sources  and  where  rainout  of  pollutants  occurred. 
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In  some  instances  the  atmospheric  sciences  policy  role  was  singular.  That  is,  some  issues 
were  almost  totally  atmospheric  in  nature  such  as  global  climate  change  and  weather 
modification  policies.  However,  the  atmospheric  science  component  in  many  Illinois 
policy  issues  was  only  one  part  of  a  mix  of  components. 

The  policy  interactions  of  the  Survey’s  atmospheric  scientists  have  assumed  either  a  pro¬ 
active  or  reactive  mode,  depending  on  the  source  of  the  policy  development.  For  exam¬ 
ple,  Survey  scientists  have  been  proactive  in  developing  policies  related  to  weather  modi¬ 
fication  and  global  climate  change,  but  have  been  reactive  in  other  issues  like  acid  rain. 

Seven  notable  “policy  issues”  developed  over  the  decades  from  the  1950s  to  present  and 
embraced  the  atmospheric  sciences  and  the  expertise  at  the  Water  Survey.  Following  is  a 
discussion  of  these  major  policy  issues  that  extensively  involved  the  atmospheric  science 
data,  information,  and  expertise. 

Diversion  of  Great  Lakes  Waters  at  Chicago 

Lake  Michigan  has  always  been  the  source  of  water  for  Chicago,  and  this  demand  has 
grown  greatly  over  time,  now  serving  6.6  million  people.  Lake  water  has  also  been  used 
for  other  purposes.  Since  the  1890s,  Chicago  has  been  diverting  considerable  amounts  of 
water  from  Lake  Michigan  down  the  Illinois  River.  This  was  done  initially  for  flushing 
sewage  and  other  wastes  of  Chicago  away  from  the  city’s  water  supply,  Lake  Michigan. 
Disposal  of  city  wastes  into  the  lake  during  the  19th  Century  often  polluted  the  water  used 
for  public  supplies,  leading  to  numerous  deaths  from  water-borne  diseases  like  cholera 
(Changnon,  1994a).  Over  time,  this  diversion  of  lake  water,  which  served  the  water  sup¬ 
ply  needs  of  Chicago  and  its  huge  industrial  complex,  also  allowed  the  extensive  devel¬ 
opment  of  river-borne  transportation  on  the  Illinois  River  to  access  the  Chicago  Metro¬ 
politan  area. 

From  1900  to  1920  the  federal  government  and  Illinois  were  involved  in  a  series  of  con¬ 
troversies  over  the  amount  of  the  diversion,  and  federal  concerns  grew  greatly  when  Chi¬ 
cago  built  new  intakes  for  more  lake  water  on  the  city’s  north  and  south  sides  (Changnon 
and  Glantz,  1996).  This  major  policy  issue  in  Illinois  also  had  an  international  aspect 
resulting  from  deep  Canadian  concerns  about  the  effects  of  the  diversion  on  the  levels  of 
the  Great  Lakes. 

By  1922  states  around  the  Great  Lakes,  which  had  become  increasingly  concerned  about 
the  effects  of  the  diversion  on  lake  levels,  and  thus  on  lake  shipping  and  on  the  hydro- 
power  generation  facilities  built  at  Niagara,  sued  Illinois  to  halt  the  diversion  (Miller, 
1994).  Ultimately  the  controversies  became  legal;  suits  that  went  to  the  U.S.  Supreme 
Court,  which  in  1930  set  a  limit  for  the  diversion,  greatly  reducing  the  amount  of  water 
Illinois  could  take.  The  controversies  of  the  1900-1930  period  were  rooted  in  the  belief 
that  the  Chicago  diversion  was  the  cause  for  ever  declining  lake  levels  during  this  period. 
However,  a  major  hydro-climatological  study  conducted  by  famed  early  hydrologist, 
Robert  Horton  (1927),  revealed  that  the  long-term  decline  in  lake  levels  was  due  to 
shifting  climatic  conditions,  not  the  water  Chicago  was  diverting.  This  became  the  first 
example  of  the  use  of  atmospheric  information  in  an  Illinois  policy  issue,  and  the  infor¬ 
mation  proved  to  be  of  great  value  to  the  Illinois  case  for  sustaining  the  diversion 
(Changnon,  1994a). 
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In  the  1950s,  the  continuing  growth  of  the  suburbs  in  the  Chicago  Metropolitan  area  had 
led  to  the  mining  of  ground  water  that  was  the  primary  water  supply  of  most  suburbs  of 
Chicago  (Walton  et  al.,  1960).  The  rate  of  depletion  was  sufficient  to  lower  ground-water 
levels  in  Wisconsin.  This  situation  brought  a  new  controversy  between  Wisconsin  and 
Illinois,  and  Wisconsin  led  a  legal  charge  against  Illinois.  The  case  again  went  to  the  U.S. 
Supreme  Court,  and  the  other  lake  states  also  became  involved  since  a  change  in  the 
diversion  was  proposed  as  a  solution  to  the  ground-water  problem.  The  Water  Survey 
provided  extensive  data  and  expertise  for  Illinois’  side  of  the  debates,  and  the  Court  ulti¬ 
mately  allowed  Illinois  to  increase  the  diversion  to  supply  water  needed  by  the  suburbs. 
An  important  readjustment  of  the  diversion  allotment  was  climate  based— -the  annual 
diversion  limit  could  be  shifted  by  Illinois  between  years  to  adjust  for  wet  and  dry  cli¬ 
mate  conditions,  but  had  to  be  balanced  to  meet  the  annual  limit  over  a  40-year  period 
(Changnon  and  Changnon,  1996).  Another  part  of  the  policy  debate  had  focused  on  the 
amount  of  precipitation  falling  over  Lake  Michigan,  leading  to  several  intensive  atmos¬ 
pheric  studies  to  provide  information  to  state  policy  makers  (Changnon,  1968a,  1971). 
Atmospheric  science  information  played  an  important  role  in  the  Supreme  Court’s  deci¬ 
sion  that  was  so  favorable  to  Illinois.  Thus,  one  of  the  five  “success  factors,”  under¬ 
standing  the  impacts  of  climate,  was  a  key  factor  in  this  issue. 

In  1980,  the  Supreme  Court  dictated  that  the  diversion  amount  assigned  to  Illinois  was  to 
include  precipitation  falling  over  the  Chicago  urban  area.  This  was  water  that  would  oth¬ 
erwise  have  flowed  to  Lake  Michigan,  but  was  drained  away  into  the  Illinois  River.  As  a 
result  of  this  Court  declaration,  precipitation  over  Chicago  had  to  be  monitored  and 
accounted  for  as  part  of  the  Illinois  diversion  amount.  As  a  result  of  its  long  experience  in 
conducting  field  projects,  the  Water  Survey  was  selected  to  monitor  the  urban  rainfall 
with  existing  raingages,  and  then  chosen  in  1988  to  install  and  operate  a  dense  raingage 
network  over  the  entire  Chicago  region,  thus  providing  the  precipitation  data  as  part  of 
the  monitoring  of  the  diversion  amount  that  Illinois  takes  from  Lake  Michigan  at  Chicago 
(Peppier  et  al.,  1990).  The  scientists  capability  to  address  diverse  issues  was  a  successful 
factor. 

The  on-going  fluctuations  of  the  levels  of  the  Great  Lakes,  which  are  all  climate  related, 
have  remained  a  cause  of  more  federal-state  debates  relating  to  the  Chicago  diversion 
(Changnon,  1990).  During  the  1970s  and  early  1980s  lake  levels  had  reached  record 
highs  and  the  federal  government  proposed  a  sizable  increase  in  the  diversion  to  lower 
lake  levels  that  were  damaging  shorelines  (Changnon  1987a,  1988a,  1993a).  Illinois 
objected,  noting  the  economic  and  environmental  damages  that  higher  flows  might  cause 
in  the  Illinois  River  system  (Bhowmik,  1989).  Then,  a  major  drought  during  1987-1989 
caused  lake  levels  and  river  flows  to  fall  to  near  record  lows,  halting  barge  traffic  on  the 
Mississippi  and  Illinois  Rivers  (Changnon,  1989a).  Illinois  and  six  states  along  the  lower 
Mississippi  proposed  increasing  the  diversion  to  raise  river  levels,  but  the  lake  states 
objected  and  the  Supreme  Court  refused  (Changnon  and  Glantz,  1996). 

In  the  1990s,  the  issue  of  global  climate  change  and  permanent  shifts  of  lake  levels  arose 
(Changnon  1985a,  1993a,  1997).  Lake-level  shifts  due  to  potential  future  climate  changes 
were  investigated  (Croley  et  al.,  1998),  and  reports  to  policy  makers  about  their  causes 
and  possible  impacts  were  generated  by  atmospheric  scientists  (Changnon,  1986,  1987b, 
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1989b).  In  summary,  the  diversion  at  Chicago  has  been  a  major  Illinois  policy  issue  for 
the  past  100  years,  and  over  the  past  50  years,  it  has  frequently  involved  the  atmospheric 
scientists  of  the  Water  Survey. 

Heavy  Rains  and  Flooding  in  Chicago 

During  the  19th  Century  a  joint  sewer  and  storm  drainage  system  was  constructed  in  Chi¬ 
cago,  a  practice  followed  in  many  large  older  cities.  As  Chicago  grew,  it  became  evident 
the  system  was  inadequate  to  handle  both  stormwaters  and  sewage.  By  the  middle  of  the 
20th  Century,  heavy  rains  brought  repeated  flooding  in  the  city  with  considerable  flood 
damage  to  residences  and  businesses.  Furthermore,  cases  of  extensive  flooding  often  led 
to  the  release  of  the  excessively-polluted  floodwaters  into  Lake  Michigan,  creating  highly 
undesirable  water  conditions  and  often  raising  the  ire  of  Wisconsin  and  Michigan. 

Seeking  to  define  the  causes  for  this  problem,  the  city  turned  to  the  Water  Survey  for  an 
explanation.  Atmospheric  research  found  the  city  was  experiencing  more  heavy  rains 
than  the  long-term  regional  rainfall  occurrences  would  predict  for  Chicago  (Dettwiller 
and  Changnon,  1976).  This  finding  led  to  extensive  studies  of  urban  effects  of  Chicago 
on  all  facets  of  weather  with  an  emphasis  on  precipitation  and  storminess  (Changnon, 
1980a).  It  was  found  that  both  the  St.  Louis  and  Chicago  urban  areas  affected  the  atmos¬ 
phere  and  created  sizable  effects  on  precipitation  including  more  heavy  rain  events 
(Changnon,  1980b,  1984a).  Numerous  studies  of  rainstorms  impacting  Chicago  were 
conducted  (Changnon,  1978a,  1982a;  Changnon  and  Vogel,  1980).  A  major  4-year  field 
program  was  conducted  during  1978-1981  to  assess  urban  and  lake  influences  of  storms, 
and  to  identify  potential  actions  to  minimize  flooding  (Changnon  et  al.,  1978;  Changnon 
et  al.,  1980).  Subsequent  atmospheric  studies  have  defined  the  correct  heavy  rainfall  fre¬ 
quency  values  for  the  city  (Huff  and  Angel,  1989).  The  ability  the  atmospheric  scientists 
to  react  to  a  complex  problem  and  to  identify  the  causes  was  a  highly  successful  action 
and  also  involved  positive  interactions  with  state  officials.  Survey  studies  have  continued 
to  assess  Chicago’s  heavy  rainstorms  and  their  degree  of  flooding  to  help  measure  the 
adequacy  of  the  major  facilities  built  over  the  past  20  years  by  the  city  for  stormwater 
storage  (Changnon  1999a;  Changnon  and  Westcott,  2002). 

Weather  and  Climate  Extremes 

Illinois  experiences  occasional  climate  extremes,  including  severe  droughts  and  floods, 
and  frequent  weather  extremes  like  winter  storms,  high  winds,  and  tornadoes.  These 
impact  Illinois’  water  supplies,  agriculture,  commerce,  and  river/surface  transportation 
(Changnon,  1981a;  1987c;  Changnon  et  al.,  1996;  Changnon  et  al.,  2001). 

The  occurrence  of  severe  droughts  in  the  1950s  and  again  in  the  1980s  led  to  demands 
from  state  officials  for  climate  information  as  input  to  designing  new  (or  altering)  state 
policies  relating  to  1)  drought  mitigation,  2)  drought  relief  assistance  (short  and  long 
term),  and  3)  interpretation  of  drought  conditions  including  severity,  likely  persistence, 
and  intensity  (Changnon  1981b;  1982b).  Confusion  over  drought  conditions,  including 
drought  severity,  which  involved  state  responses  and  aid,  required  illustrating  to  state 
officials,  in  an  understanding  way,  the  often  subtle  differences  between  water  supply 
droughts  and  agricultural  droughts  (Changnon,  1980c).  Drought-based  design  studies 
were  conducted  to  allow  the  State  to  better  plan  and  prepare  for  future  droughts  (Huff  and 
Changnon,  1963;  Easterling  and  Changnon,  1987).  Survey  scientists  alerted  state  and 
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federal  officials  about  drought  policy  needs  (Changnon,  1981b,  1993b).  Now,  drought 
conditions  in  Illinois  are  constantly  monitored  by  Survey  scientists  to  provide  input,  as 
needed,  to  the  state’s  drought  task  force.  Furthermore,  because  of  the  expertise  of  Survey 
atmospheric  scientists,  they  have  been  requested  to  provide  significant  input  to  national 
interests  about  droughts  and  policy  needs  (Riebsame  et  al.,  1991).  Advice  has  been  given 
to  the  formulation  of  a  newly  evolving  federal  drought  mitigation  program  in  order  to 
improve  national  and  state  mitigation  practices  and  responses.  Information  about  in-state 
drought  conditions  is  now  routinely  provided  to  the  federal  government  for  the  develop¬ 
ment  of  a  national  drought  monitoring  map  issued  monthly. 

A  similar  set  of  policy  issues  have  arisen  over  floods.  The  sizable  economic  and  envi¬ 
ronmental  impacts  of  floods  have  led  to  state  policy  changes  involving  atmospheric  data 
and  expertise  for  assessing  weather  conditions  responsible  for  the  severity  of  floods 
(Changnon,  1983a;  1984b).  The  state’s  growing  losses  from  floods  were  assessed  and 
found  to  rank  sixth  nationally  (Changnon  et  al.,  2001).  The  information  provided  to  state 
officials  has  also  included  assessment  of  federal  policies  relating  to  flood  responses  and 
research  (Changnon,  1985b).  Statewide  concern  has  developed  over  the  long-term 
upward  trend  in  floods,  and  the  climate  explanation  for  this  growing  problem  has  been 
provided  to  state  policy  makers  and  to  stat  urban  managers.  The  state  has  experienced  a 
climatic  shift  since  1940,  leading  to  more  heavy  rains  capable  of  creating  floods 
(Changnon,  1983a).  Illinois’  atmospheric  science  expertise  has  also  been  called  upon  to 
address  federal  policies  that  addressed  mitigation  regulations  and  flood  assistance  pro¬ 
grams,  such  as  river  flood  control  structures,  flood  insurance,  and  flood-related  research 
needs  to  deal  with  floods  (Changnon,  1987d;  1996a). 

Problems  with  losses  from  weather  extremes  led  to  scientific  assessments  of  the  losses 
and  risks  created  by  tornadoes,  hail,  high  winds,  thunderstorms-lightning,  and  winter 
storms.  Chicago’s  inability  to  handle  snow  removal  due  to  a  severe  winter  in  1977-1978 
with  18  severe  winter  storms  led  to  a  study  of  the  storms  and  their  impacts  on  local  poli¬ 
cies  (Changnon  and  Changnon,  1978).  Chicago’s  transportation  systems  were  crippled 
and  the  problems  caused  many  policy  changes. 

Two  recent  years  (1995  and  1999)  have  had  major  summer  heat  waves  in  Illinois  with  a 
record  high  number  of  deaths,  principally  in  Chicago,  in  1995.  Urban  policies  for  han¬ 
dling  heat  wave  conditions  came  under  severe  criticism  in  1995,  and  this  led  to  atmos¬ 
pheric  studies  to  interpret  the  event’s  climatic  severity  (Kunkel  et  al.,  1996).  Furthermore, 
explanations  for  the  fact  that  fewer  deaths  occurred  in  Chicago  in  more  severe  heat  waves 
during  the  1930s  were  developed  (Changnon  et  al.,  1996).  These  served  as  useful  guid¬ 
ance  to  revisions  of  city  policies  for  improved  handling  of  the  1999  heat  wave  (Palecki  et 
al.,  2001).  Four  of  the  five  factors  identified  for  successful  policy  interactions  were 
revealed  in  the  weather  extremes  issues  including  the  value  of  understanding  weather 
impacts,  dealing  effectively  with  state  officials,  communicating  information  at  the  state 
and  national  levels,  and  having  the  capabilities  to  address  diverse  issues. 

Acid  Rain  and  Atmospheric  Quality  Issues 

Illinois  is  a  state  with  numerous  power  generation  facilities,  a  coal  mining  industry,  and  a 
manufacturing  complex  that  collectively  became  concerned  over  emerging  national  poli¬ 
cies  relating  to  air  quality  controls  beginning  in  the  1960s.  The  early  focus  was  on  causes 
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and  impacts  of  acid  rain.  These  issues  embraced  the  atmospheric  sciences  in  a  variety  of 
ways.  Research  was  conducted  to  generate  information  about  acid  rain  as  input  to  the 
state’s  policy  position  for  use  by  state  officials  and  by  members  of  Congress  (Semonin 
and  Stensland,  1984).  These  served  to  help  to  protect  state  interests. 

Air  quality  issues  relating  to  the  state’s  two  large  urban  areas  have  also  led  to  the 
involvement  of  atmospheric  scientists  in  assessing  the  sources  and  deposition  of  gaseous 
and  particle  pollutants  and  the  environmental  effects  of  these  materials  (Gatz,  1979; 
Changnon,  1982c).  Networks  to  sample  air  pollutants  were  established  in  the  Chicago 
and  St.  Louis  areas  for  air  and  rain  quality  sampling,  reflecting  the  capability  of  the  sci¬ 
entific  group  to  address  diverse  issues. 

Survey  scientists  had  performed  the  nation’s  first  sampling  of  rainwater  chemistry  in 
1953-1954  (Larson  and  Hettick,  1956),  an  exploratory  project  typical  of  many  that  Sur¬ 
vey  scientists  have  performed.  The  results  of  this  initial  sampling  proved  invaluable  in 
correctly  establishing  the  trends  in  rainwater  quality  in  later  years  and  for  addressing 
national-scale  debates  over  acid  rain.  The  Water  Survey  was  selected  in  1980  to  serve  as 
the  national  laboratory  for  analyzing  the  samples  of  rainfall  for  pollutants  collected  across 
the  nation,  done  as  part  of  the  National  Atmospheric  Deposition  Program  (NADP,  2001). 
The  selection  as  the  national  analytical  laboratory  for  such  an  important  air  quality  pro¬ 
gram  reveals  the  high  national  regard  for  the  quality  of  the  Survey’s  staff  and  recognition 
of  their  scientific  impartiality  on  the  policy-sensitive  air  quality  issues. 

Purposeful  Weather  Modification 

Regional  droughts  causing  crop  yield  reductions  in  Illinois  led  to  the  initiation  of  nine 
multi-county  cloud  seeding  projects  in  Illinois  during  the  1964-1982  period.  Each  project 
sought  to  increase  rainfall.  Local  agricultural  interest  raised  funds  and  hired  cloud  seed¬ 
ing  firms  to  conduct  the  projects  (Changnon,  1975a;  1977a).  These  activities  involved  the 
atmospheric  scientists  at  the  Water  Survey  who  reacted  to  local  requests  for  unbiased 
expertise  to  explain  the  reality  of  cloud  seeding,  and  to  assess  whether  the  seeding  pro¬ 
jects  being  performed  were  actually  changing  the  rainfall  (Changnon  and  Towery,  1976; 
Changnon  and  Hsu,  1981).  This  growth  in  the  use  of  cloud  seeding  in  Illinois  also  led 
atmospheric  scientists  to  assess  the  various  economic  and  societal  impacts  of  changed 
rainfall  (Changnon,  1977b;  1978b). 

As  a  result  of  the  early  cloud  seeding  projects  in  the  1960s  and  the  ensuing  development 
of  a  strong  constituency,  Survey  scientists  were  able  to  promote  the  development  of  a 
state  law  that  established  a  board  that  regulated  cloud  seeding  projects  primarily  to  ensure 
that  quality  operations  and  projects  were  being  conducted  (Changnon,  1973a;  Ackermann 
et  al.,  1974).  Another  policy  issue  that  arose  was  concern  in  Indiana  that  the  Illinois  pro¬ 
jects  were  detrimentally  affecting  downwind  rainfall  in  Indiana  and  other  states 
(Changnon,  1980d). 

Statewide  interests  in  rainmaking  also  led  Survey  scientists  to  initiate  a  major  weather 
modification  research  program  that  lasted  25  years,  and  achieved  extensive  federal  fund¬ 
ing  reflecting  the  Survey’s  success  in  communicating  and  demonstrating  its  expertise 
nationally.  The  program  included  field  experiments  to  test  cloud  seeding  for  rain 
increases  (Changnon,  1973b),  and  to  assess  the  potential  effects  of  altered  precipitation 
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on  water  resources  and  agriculture  (Huff  and  Changnon,  1972;  Changnon,  1972).  Con¬ 
cerns  over  altered  weather  in  adjacent  states,  as  a  national  issue,  was  also  addressed 
(Changnon,  1980d),  as  was  the  management  of  weather  modification  at  the  state  level 
(Changnon,  1980e;  1983b). 

Loss  of  federal  funding  support  for  the  Illinois  weather  modification  research,  due  to 
shifting  federal  program  priorities,  occurred  in  the  early  1970s  and  again  in  the  1980s, 
temporarily  halting  the  Illinois  research  projects  (Lambright  and  Changnon  1989).  This 
led  Survey  scientists  to  try  to  influence  the  policy  issues  surrounding  the  federal  weather 
modification  program  (Changnon,  1973c;  1975b;  1976;  1980f).  In  1984  the  Survey  sci¬ 
entists  sought  and  got  state  permission  to  seek  funding  support  from  Congress,  and  the 
Water  Survey  joined  with  three  other  state  research  programs  to  seek  and  obtain  funding 
from  Congress  to  sustain  the  Illinois  research  endeavors  (Changnon  and  Huff,  1987).  The 
Illinois  research  from  1983  to  1996  was  supported  by  Congressional  funding  added  to  the 
federal  budget,  and  an  operational  rain-increase  approach  was  developed  for  future  use 
(Changnon  et  al.,  1997).  These  results  reflected  expertise  and  the  presence  of  a  strong 
constituency  for  the  Illinois  program. 

Climate  Services  and  Related  Research 

Many  Illinois  issues  with  policy  overtones  have  relied  on  state-generated  climate  data  and 
information.  For  example,  the  energy  shortages  of  the  1970s  and  the  call  for  data  on 
alternative  energy  sources  was  an  opportunity  for  Survey  scientists  to  propose  and  obtain 
state  funding  for  a  statewide  network  of  solar  and  wind  sensors  (Peppier,  1995).  This  was 
successful  because  Survey  scientists  had  developed  a  plan  for  such  a  network  and  were 
able  to  react  quickly.  The  resulting  19-station  network  has  been  in  operation  for  20  years, 
measuring  wind  and  solar  energy  and  other  agriculturally  important  variables  like  soil 
temperatures  and  moisture. 

In  the  early  1980s  after  a  series  of  bad  winters,  Survey  leadership  proposed  to  state  lead¬ 
ers  the  concept  of  conducting  a  “Winter  Storm  Preparedness  Week”  in  early  December  of 
each  year.  The  goal  was  to  educate  the  public  about  the  dangers  and  how  to  avoid  them  to 
save  lives.  The  Survey’s  proposal  was  adopted  by  the  Governor  and  the  program  began  in 
1983.  The  concept  has  since  been  adopted  by  the  National  Weather  Service  and 
employed  nationwide. 

The  great  value  of  climate  services  to  the  Illinois  public,  state  businesses,  and  state  agen¬ 
cies  produced  a  strong  constituency  for  the  Survey  program.  The  ensuing  support  enabled 
the  state  scientists  to  seek  and  gain  improvements  in  the  national  climate  services 
endeavors.  This  included  improving  the  rate  of  receiving  and  distributing  climate  data 
(Changnon  et  al.,  1984).  Survey  scientists  performed  several  market-oriented  assessments 
of  the  needs  of  climate-sensitive  users  for  information,  discovering  major  unfulfilled 
needs  (Changnon  1983c;  1994b;  Changnon  et  al.,  1988).  Hence,  Survey  scientists 
actively  pushed  for  an  organized  federal  climate  services  program,  and  this  has  been  a 
25-year  effort.  Survey  scientists  were  extensively  involved  in  the  establishment  of  the 
National  Climate  Program  Act  of  1976  (Changnon,  1977c,  1987e).  However,  the  federal 
Office  of  Management  and  Budget  claimed  the  climate  services  involving  the  states  was 
not  in  the  national  interest  and  the  federal  government  refused  to  fund  and  thus  establish 
the  state  climate  services  program,  a  key  part  of  the  National  Climate  Program  Act.  This 
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position  led  Survey  scientists  to  conduct  various  activities  to  demonstrate  the  value  of 
strong  state  climate  programs  (Changnon,  1979a,  1981c,  1982d;  and  Changnon  et  al., 
1980). 

When  these  efforts  failed  to  alter  the  federal  policy  of  no  action  on  climate  services,  Sur¬ 
vey  leaders  conceived  an  alternative  approach,  establishing  a  national  network  of  regional 
climate  centers,  as  a  means  to  bolster  needed  services  (Wendland  et  al.,  1985).  The 
National  Climate  Program  Office  funded  a  3-year  pilot  regional  center  at  the  Water  Sur¬ 
vey,  and  it  was  found  to  be  successful.  Survey  leaders  could  not  get  federal  agencies  to 
fund  the  centers,  and  took  the  concept  of  a  national  network  of  regional  centers  to  mem¬ 
bers  of  Congress.  The  need  for  improved  services  was  clear  and  Congress  ultimately  pro¬ 
vided  funding  for  six  regional  climate  centers  (Changnon  et  al.,  1990),  and  Congression- 
ally-mandated  funding  has  continued  for  the  past  15  years.  The  Midwestern  Regional 
Climate  Center  is  housed  at  the  Water  Survey,  a  measure  of  the  successful  establishment 
of  a  strong  in-state  constituency. 

An  integral  part  of  the  Illinois-based  climate  services  program  has  been  education  about 
climate,  and  the  promotion  in  policy  forums,  of  effective  applications  of  climate  data  and 
information  (Changnon,  1975c,  1996b).  Such  endeavors  have  involved  working  closely 
with  climate-sensitive  entities,  including  several  state  agencies,  to  improve  the  use  of 
climate  information  (Changnon,  1979a).  For  example,  climate  predictions  were  used  by 
state  officials  to  make  key  management  decisions  regarding  water  management  in 
drought  situations  (Changnon  and  Vonnahme,  1986).  Another  success  revealed  was  the 
effective  dealing  with  state  officials.  The  education  and  promotion  of  climate  services  are 
reflected  in  the  State  Water  Plan  Illinois  developed  during  the  early  1980s.  Three  of  the 
eleven  emerging  issues  the  task  force  identified,  after  hearings  across  the  state,  were 
atmospheric:  1)  planned  weather  modification,  2)  climate  change  and  prediction  services, 
and  3)  inadvertent  weather/climate  change  (Changnon  and  Semonin,  1982). 

Climate  Change,  Local  to  Global 

The  mention  of  climate  change  in  today’s  world  creates  images  of  global  warming  and 
major  changes.  However,  in  Illinois  the  inadvertent  changes  in  climate  caused  by  human 
activities  including  those  resulting  from  large  cities,  industries,  and  jet  aircraft,  have  been 
subjects  of  study  for  35  years  (Changnon,  1968b;  1973d;  Huff  and  Changnon,  1973). 
These  were  reactions  to  the  state’s  needs  for  information  about  these  climate  effects  to 
develop  policy  positions  including  whether  to  establish  regulations  to  minimize  harmful 
effects  (Changnon,  1975d). 

Major  multi-year  field  studies  were  conducted  in  the  Chicago  and  St.  Louis  metropolitan 
areas  to  define  the  degree  to  which  these  urban  complexes  affected  the  local  and  regional 
weather  and  climate,  what  factors  were  responsible  for  the  changes,  and  the  ramifications 
of  the  changes  on  the  state’s  economy  and  environment  (Changnon,  1977d;  Changnon  et 
al.,  1977).  As  noted  above,  one  ramification  was  finding  an  explanation  for  the  urban 
weather  changes  including  the  abnormal  number  of  heavy-flood  producing  rainstorms  in 
Chicago  (Changnon,  1978c).  Studies  of  cirrus  clouds  generated  by  the  hundreds  of  jet 
aircraft  flying  over  Illinois  each  day,  and  how  these  human  induced  clouds  affected  the 
state’s  climate,  were  also  assessed  as  a  prelude  to  policy  making  (Changnon,  198 Id). 
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The  1990s  saw  several  weather  extremes  that  severely  impacted  Illinois.  Some  believed 
the  increases  were  due  to  global-scale  climate  change,  and  this  led  to  studies  to  define  the 
climatic  reasons  and  the  role  of  society  in  the  losses  (Changnon  et  al.,  2000).  Results 
revealed  the  increasing  weather  losses  were  largely  a  result  of  societal  changes  in  Illinois 
that  made  Illinois  more  vulnerable  to  extremes.  A  policy-oriented  report  was  prepared  to 
alert  the  public  and  state  leaders  (Changnon,  2002). 

The  global  climate  change  issue,  like  acid  rain,  is  one  that  was  being  addressed  at  the 
national  and  international  levels.  However,  it  has  the  potential  for  seriously  affecting  Illi¬ 
nois  (Changnon,  1983d),  both  through  the  impacts  of  a  changed  climate,  and  through 
potential  regulations  relating  to  the  state’s  emissions  of  C02  and  other  gases.  For  these 
reasons,  atmospheric  scientists  at  the  Water  Survey  in  1989  urged  state  leaders  to  estab¬ 
lish  a  task  force  to  address  the  state’s  policy  positions  on  the  global  climate  change  issue. 
Establishment  of  this  task  force,  which  was  formed  in  1990  by  the  Illinois  General 
Assembly  with  a  Survey  scientist  as  the  science  advisor,  reflects  the  scientists’  successful 
efforts  in  developing  a  strong  constituency  and  in  dealing  well  with  state  officials.  The 
task  force  addressed  the  scientific  and  technical  issues  as  well  as  the  national  policy 
issues,  and  developed  policy  recommendations  for  both  the  state  and  for  the  state’s  con¬ 
gressional  delegation  (Illinois  Task  Force,  1999;  Changnon,  1995a).  A  variety  of  atmos¬ 
pheric  studies  were  made  for  the  task  force  including  assessments  of:  1)  the  temporal 
behavior  of  various  aspects  of  the  state’s  climate  (Changnon  and  Wendland,  1994  );  2) 
how  future  changes  might  impact  the  state’s  water  resources  and  agriculture  (Changnon, 
1975e;  Changnon,  1977e;  Changnon  and  Demissie,  1996;  Winstanley  and  Changnon, 
1999;  Changnon  and  Winstanley,  2000).;  and  3)  the  need  to  plan  to  adapt  to  future 
changes  in  climate  (Changnon,  1995b;  Lambright  et  al.,  1996).  Assessments  also 
included  review  of  federal  policies  on  global  change  (Changnon,  1992). 

SUMMARY  AND  CONCLUSIONS 

Since  no  other  state  in  the  nation  has  had  an  agency  with  a  sizable,  long-term  atmospheric 
sciences  group  like  Illinois  has  at  the  Water  Survey,  one  could  argue  that  the  Illinois  pol¬ 
icy  experience  is  unique.  However,  because  of  the  atmospheric  sciences  program’s  50+ 
years  of  existence,  and  because  Illinois  has  such  a  diverse  weather-sensitive  urban  and 
rural  economy,  the  policy  interactions  in  Illinois  serve  as  a  good  illustration  of  the  wide 
variety  of  policy  issues  relating  to  the  atmospheric  sciences  that  a  state  may  have  to  deal 
with.  It  also  reveals  the  importance  of  a  state  having  access  to  expertise  in  policy  issues 
that  have  atmospheric  science  components. 

Most  states  have,  in  their  environmental  agencies,  some  atmospheric  science  expertise. 
For  example,  many  states  have  a  “state  climatologist,”  but  a  recent  assessment  showed 
that  only  12  states  had  a  full-time  scientist  in  this  position  and  that  most  states  only  had  a 
part-time  person  at  a  state  university.  Some  states  have  atmospheric  science  expertise  at 
in-state  universities,  but  many  do  not.  Observations  of  many  such  atmospheric  scientists 
further  reveals  they  have  not  developed  the  skills  necessary  to  be  successful  in  dealing 
with  policy  issues.  Access  to  “state-focused”  atmospheric  science  expertise  is  simply  not 
available  in  many  states,  limiting  informed  policy  making  involving  atmospheric  issues. 
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The  successful  extensive  policy  interactions  accomplished  in  Illinois  are  a  result  of 
group’s  attention  to  five  areas.  These  included  1)  developing  an  understanding  of  the 
impacts  of  weather  and  climate;  2)  developing  a  strong  in-state  constituency;  3)  dealing 
effectively  with  state  officials,  4)  communicating  widely  and  effectively  at  the  state  and 
national  levels;  and  5)  having  the  capability  to  address  diverse  scientific  issues. 

Review  of  the  50  years  of  science-policy  interactions  in  Illinois  reveals  that  in  six  of  the 
seven  major  policy  issues,  interactions  involved  dealing  with  national  policies  affecting 
Illinois.  These  have  included  climate  services,  weather  modification,  climate  change,  the 
Great  Lakes  diversion,  air  quality,  and  weather-climate  extremes.  In  three  policy  areas, 
Survey  scientists  were  proactive,  seeking  new  or  changed  federal  laws,  federal  funding, 
and/or  changes  in  federal  regulations. 

Figure  1  is  based  on  the  titles  or  headings  of  several  Water  Survey  publications  that  have 
addressed  various  policy  issues.  Examination  of  these  titles  helps  reveal  the  diversity  of 
the  activities.  Survey  scientists  also  addressed,  sometimes  critically,  numerous  urban, 
state,  and  national  policies.  These  have  included  policies  for  weather  modification 
(Changnon,  1978d),  natural  resource  management  (Changnon  1983e),  urban-caused  cli¬ 
mate  changes  (Changnon,  1979b),  drought  mitigation  (Changnon,  1988b;  2000a),  flood 
management  (Changnon,  1999b,  2000b,  2001),  management  of  the  Great  Lakes 
(Changnon,  1996c),  and  global  climate  change  policies  (Changnon,  1987f;  1996d; 
Changnon  and  Lamb,  1990). 

Atmospheric  scientists  at  the  Illinois  State  Water  Survey  for  more  than  50  years  have 
provided  Illinois  with  expertise,  data,  information,  and  guidance  on  a  wide  variety  of 
policy  issues.  Hopefully,  the  information  and  guidance  have  been  not  only  scientifically 
correct,  but  in  the  best  interests  of  Illinois.  This  well-established  group  with  recognized 
expertise  has  also  been  able  to  get  new  legislation  enacted,  to  get  existing  legislation 
altered  and  improved,  and  to  get  regulations  changed  as  well  as  established. 

The  Illinois  situation  illustrates  how  scientists  can  be  effective  in  policies  at  the  state 
level.  Unfortunately,  many  states  have  not  invested  in  atmospheric  science  expertise  and 
hence,  have  likely  failed  to  accomplish  quality  legislation  and  positions  on  national  issues 
like  global  change  in  the  manner  that  Illinois  has.  Illinois’  investment  in  atmospheric  sci¬ 
ences  research  and  services  has  been  very  beneficial  to  Illinois. 
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Figure  1.  Samples  of  titles  from  selected  publications  that  addressed  policy  issues 
authored  by  Water  Survey  atmospheric  scientists  during  the  1971-2001  pe¬ 
riod. 
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ABSTRACT 

The  geologic  history  of  the  tall  grass  prairie  in  central  North  America  reveals  the  prairie 
began  developing  10,000  years  ago  after  the  Pleistocene  ice  sheets  had  retreated  into 
Canada.  The  long-lived  triangular  shaped  prairie  survived  several  climatic  shifts  during 
the  Holocene.  Scientists  have  studied  the  anomaly  — grasses  where  many  climate  condi¬ 
tions  indicate  forests  should  have  been  growing  — by  offering  a  myriad  of  potential  cli¬ 
mate,  physiographic,  and  human  factors.  By  the  1960s  scientists  recognized  that  fire  was 
the  key  to  the  prairie’s  presence— fires  destroyed  forests  but  grasses  survived  and  were 
generally  enhanced  by  prairie  fires.  Scientists  have  since  believed  that  lightning,  in  addi¬ 
tion  to  fires  set  by  Native  Americans,  were  the  reasons  for  the  region’s  high  frequency  of 
prairie  fires.  Long  records  of  various  climate  conditions  collected  since  the  1890s  now 
allow  a  quantitative  comparison  of  the  prairie  versus  non-prairie  climate  conditions. 
Assessment  of  drought  conditions  during  the  20th  Century  shows  that  the  prairie  triangle 
experienced  50%  to  200%  more  severe  drought  years  than  did  the  forested  areas  north 
and  south  of  the  prairie,  an  important  factor  behind  the  prairie’s  presence.  Cold  season 
precipitation,  averaging  <34  cm,  in  the  prairie  was  too  low  to  sustain  the  deciduous  for¬ 
ests  that  grew  south  and  east  of  prairie,  and  resulted  in  a  dry  season  necessary  for  fre¬ 
quent  prairie  fires.  The  rougher  topography  and  numerous  streams  to  the  prairie’s  south 
also  served  as  firebreaks  to  contain  fires,  whereas  the  flat  lands  of  the  prairie  with  few 
major  rivers  had  fewer  natural  firebreaks.  West  of  the  tall  grass  prairie  was  a  short  grass 
prairie,  the  climax  vegetation  in  the  more  arid  High  Plains.  Large  differences  in  lightning 
activity  exist  along  the  prairie’s  northern  boundary  during  the  prairie’s  fire  season  (Octo- 
ber-March),  suggesting  that  the  much  lower  storm  incidences  to  the  north  help  explain 
the  presence  of  forests  in  that  area.  Long  climatic  records,  which  were  not  available  for 
use  in  earlier  studies,  have  allowed  quantification  of  the  climate  factors  that  helped  shape 
the  Midwest’s  tall  grass  prairie. 


INTRODUCTION 

The  North  American  tall  grass  prairie  was  in  a  triangular-shaped  area  and  its  approximate 
corner  points  were  near  where  Tulsa,  Fargo,  and  Indianapolis  now  exist  (Fig.  1).  Its  pres¬ 
ence  has  represented  a  scientific  challenge  to  identify  and  quantify  the  climatic  and  other 
physical  variables  that  established  and  maintained  it  as  a  grassland  (Risser  et  al.,  1981). 
Many  considered  it  a  unique  grassland  unmatched  elsewhere  on  the  globe.  Before  settle- 
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ment  by  Europeans,  this  huge  area  labeled  as  the  “inland  sea”  by  early  explorers  was 
covered  by  tall  grasses  ranging  from  0.5  to  2  meters  tall  with  tree  stands  mainly  along  the 
region’s  major  rivers, 

Two  climate-driven  events  in  the  20th  Century  have  increased  research  relevant  to  the 
prairie  and  its  climate.  One  was  the  severe  droughts  of  the  1930s,  and  the  other  has  been 
scientific  concern  over  the  potential  impacts  of  future  changes  in  climate.  Climate  data  of 
100  years  in  length  from  the  20th  century  have  become  available  and  were  assessed  to 
quantify  the  region’s  climate  conditions  believed  to  have  helped  develop  and  sustain  the 
prairie. 


GEOLOGIC-CLIMATIC  HISTORY 

To  understand  the  formation  of  the  tall  grass  prairie.,  one  must  go  back  into  the  region’s 
geologic  past.  During  the  Pleistocene  Epoch,  which  lasted  approximately  2  million  years, 
there  were  several  major  glacial  advances  and  retreats  into  the  region,  labeled  as  glacial 
stages.  Each  stage  brought  continental-scale  ice  sheets  that  covered  various  parts  of  prai¬ 
rie  area,  and  most  of  the  tall  grass  prairie  was  covered  at  least  once  and  often  twice  by  the 
massive  ice  sheets.  Each  glacial  advance  scoured  the  surface,  and  brought  and  deposited 
vast  quantities  of  sands,  soils,  and  rocks,  labeled  as  glacial  drift,  ultimately  creating  a 
rather  flat  surface  composed  of  glacial  outwash  materials  over  most  of  the  area  where  the 
prairie  later  developed.  To  the  south  of  these  giant  ice  sheets,  spruce-dominated  boreal 
forests  grew  (Watts,  1983).  During  the  long  interglacial  periods,  the  boreal  forests  devel¬ 
oped  northward  into  the  area  where  prairie  ultimately  developed.  When  the  next  glacial 
advance  came,  these  advancing  forests  were  eliminated. 

The  Laurentide  ice  sheet  of  the  last  glacial  stage  began  to  retreat  14,000  years  B.P.  and 
was  largely  gone  from  the  prairie  area  about  11,500  years  ago  (Porter,  1983).  Since  then 
geologists  consider  that  we  have  been  in  an  interglacial  period  named  the  Holocene.  The 
soil  over  most  of  the  future  prairie  area  developed  from  the  major  deposits  of  loess,  the 
fine  sediments  blown  by  dust  storms  resulting  from  the  strong  westerly  winds  of  the  post¬ 
glacial  climate.  The  soils  of  the  prairie  are  primarily  Mollisols,  types  found  in  mid-  to 
tail-grasslands.  These  are  now  the  rich  soils  of  the  Com  Belt. 

In  the  centuries  after  the  glaciers  retreated,  the  region’s  climate  became  more  similar  to 
that  of  today  but  with  continuing  variations,  predominantly  westerly  winds,  and  interac¬ 
tions  of  Gulf  moist  air  creating  precipitation  (Barry,  1983).  The  spruce-dominated  boreal 
forests  had  moved  northward  as  the  ice  sheets  melted,  not  simply  because  the  climate  of 
the  prairie  area  had  changed  from  optimal  for  them,  but  because  other  forest  varieties 
now  had  a  competitive  edge  (Bryson,  1966).  Deciduous  forests  then  developed  in  the  tall 
grass  prairie  about  10,500  years  B.P.  (Watts,  1983).  As  the  climate  continued  to  warm 
and  become  drier,  grasslands  replaced  the  forests  across  the  prairie  area  from  10,000 
years  B.P.  (western  sections),  to  8,000  years  ago  (in  the  eastern  parts  of  the  ultimate  tall 
grass  prairie),  becoming  the  primary  vegetation  (King,  1981).  To  the  north,  mixed  conif¬ 
erous  and  deciduous  forests  developed,  and  to  the  south,  deciduous  forests  remained 
(Wright,  1976).  The  climate  to  the  west  of  the  tall  grass  prairie  was  much  drier  and  there 
a  short  grass  prairie  evolved.  The  eastern  two-thirds  of  the  tall  grass  prairie  (northeastern 
Missouri,  eastern  Iowa,  southern  Wisconsin,  Illinois,  and  Indiana)  was  a  savanna,  a 
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grassland  with  scattered  trees  plus  groves  of  trees  along  the  main  river  courses  and  in 
some  uplands  (King,  1981). 

There  have  been  sizable  climate  fluctuations  in  the  tall  grass  prairie  during  the  1 1,000- 
year  long  Holocene.  Seven  major  shifts  in  the  area’s  climate  conditions  occurred  during 
the  Holocene,  and  each  was  relatively  abrupt  (Bryson  et  al.,  1970).  A  shift  to  cooler  and 
wetter  conditions  began  about  4,000  B.P.,  and  the  last  3,000  years  of  the  Holocene  have 
been  relatively  cool  and  similar  to  the  current  climate  (Guetter  and  Kutzbach,1990). 
Through  all  of  these  shifts,  the  tall  grass  prairie  survived. 

However,  the  boundaries  of  the  prairie  were  not  fixed  and  shifted  over  time  as  a  result  of 
the  multi-century  fluctuations  in  the  climate  conditions  optimum  for  grasses  and  forests. 
For  example,  Albertson  and  Weaver  (1944)  show  that  short  grasses  moved  several  kilo¬ 
meters  east  into  the  tall  grass  region  as  a  result  of  devastating  droughts  of  the  1931-1940 
period.  Bryson  (1974)  found  that  a  major  dry  period  that  began  3,800  B.P.  and  lasted  200 
years  caused  much  of  the  tall  grasses  in  the  western  prairie  to  be  replaced  by  short 
grasses.  But,  after  a  moister  regime  returned,  the  tall  grasses  again  took  over.  During  the 
peak  of  the  warmer  and  drier  period  of  the  Holocene,  the  prairie  also  expanded  eastward 
into  parts  of  Ohio  and  western  Pennsylvania.  Trees  began  to  invade  the  southern  bounda¬ 
ries  of  the  prairie  during  the  Little  Ice  Age  (Grimm  et  al.,  2001).  Although  the  forested 
boundaries  have  fluctuated  over  time,  most  of  the  tall  grass  prairie  area  shown  on  Figure 
1  persisted  as  a  grassland  over  the  past  8,000  years  (Risser  et  al.,  1981).  A  recent  analysis 
concludes  that  the  wetter  and  cooler  climates  of  the  past  4,000  years  established  the 
region’s  modern  vegetative  pattern  (Grimm  et  al.,  2001). 

CAUSES  FOR  THE  TALL  GRASS  PRAIRIE 

Throughout  most  of  the  20th  Century  numerous  climatologists,  geographers,  geologists, 
and  ecologists  have  assessed  why  tall  grasses  prevailed  in  a  region  with  humid  climate 
conditions  also  found  elsewhere  to  be  quite  suitable  for  forests.  The  factors  seen  as 
important  for  the  prairie’s  presence  included  the  region’s  topography,  soils,  climate,  and 
human  presence. 

Topography  has  long  been  seen  as  a  factor  behind  the  vegetative  differences.  In  particu¬ 
lar,  the  areas  south  of  the  prairie,  much  of  which  was  unglaciated  during  the  Pleistocene, 
was  a  region  with  more  erosion,  and  with  ridges  and  hills,  steep  slopes,  and  a  well-devel¬ 
oped  drainage  system  with  numerous  rivers  and  streams.  The  forested  areas  to  the  north 
of  the  prairie  also  had  an  important  physiographic  difference-the  area  included  numerous 
small  lakes  and  bogs.  The  tall  grass  prairie  was  exceptionally  flat  with  poor  drainage. 
Thus,  topography  is  a  key  factor  related  to  the  placement  of  the  north  and  south  bounda¬ 
ries  of  the  prairie,  but  the  topography  to  the  west  was  not  strikingly  different  and  has  not 
been  seen  as  a  cause  of  that  boundary. 

The  various  factors  underlying  the  presence  of  the  tall  grass  prairie  were  being  assessed 
in  an  era  when  scientists  had  finally  concluded  that  soil  types  were  largely  caused  by  cli¬ 
mate  with  some  control  from  the  local  topography  (Risser  et  al.,  1981).  This  included  the 
direct  physical  effects  of  climate  conditions  on  the  parent  material  (heavy  rains,  freeze- 
thaw  cycles,  etc.),  and  the  indirect  effects  of  climate  that  determine  the  vegetative  cover. 
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Vegetation,  in  turn,  helps  create  the  soil  beneath  it.  Thus,  one  postulated  factor  for 
explaining  the  prairie,  the  soils,  was  eliminated  as  a  prime  factor.  Soils  were  largely  a 
result,  not  a  cause  of  the  prairie. 

A  variety  of  climatic  differences  in  temperatures  and  precipitation  existed  along  the  prai¬ 
rie’s  three  boundaries  — the  south,  north,  and  west.  Numerous  climatological  conditions 
have  been  postulated  as  reasons  for  the  tall  grass  prairie.  It  was  relatively  easy  to  explain 
and  understand  the  western  boundary  where  the  tall  grass  prairie  shifted  to  a  mixture  of 
short  and  long  grasses.  The  demarcation  was  a  direct  result  of  the  drier  climate  to  the 
west.  As  early  as  1938  the  close  spatial  relationship  between  the  short  grass  prairie’s 
eastern  boundary  and  the  20-inch  (5 1  cm)  isohyet  of  average  annual  precipitation  (Fig.  2) 
was  detected  (Mattice,  1938).  Others  explained  that  the  western  boundary  was  a  result  of 
the  fact  that  the  short  grass  area  to  the  west  had  more  runs  of  days  with  exceptionally 
high  temperatures  and  more  intense  droughts,  all  of  which  created  the  drier,  semi-arid 
climate  (Thornthwaite,  1941;  Borchert,  1950). 

An  important  scientific  breakthrough  occurred  after  upper  air  measurements  had  been 
started  by  the  U.S.  Weather  Bureau  in  the  1930s.  By  the  1950s  the  concept  that  air  mass 
patterns  could  help  explain  vegetation  patterns  appeared  (Brunschweiler,  1952).  Mean 
monthly  streamline  (air  flow)  patterns  for  the  cold  season  (October-March)  showed  a 
separation  between  the  prevailing  maritime  tropical  (mT)  air  mass  and  the  mild  Pacific 
(cP)  air  mass,  and  their  average  boundary  was  a  curved  line  closely  matching  the  south¬ 
ern  boundary  of  the  tall  grass  prairie  (Bryson,  1966).  The  streamline  patterns  for  the 
warm  season  (April-September)  established  a  boundary  between  the  dry  cP  air  mass  over 
the  prairie  area  and  the  prevailing  Arctic  air  mass  to  the  north,  and  this  border  was  close 
to  the  northern  boundary  of  the  tall  grass  prairie.  On  average,  the  prairie  area  was  domi¬ 
nated  from  November  through  March  by  the  modified  Pacific  air  (that  had  become  dry 
after  passage  over  the  Rockies),  and  from  June  through  September,  mT  air  prevailed  in 
the  southern  portions  of  the  prairie  and  cP  air  in  the  north,  a  condition  conducive  to  con¬ 
vective  storms  and  rainfall  (Bryson  et  al.,  1970).  These  findings  helped  establish  the 
large-scale  climatic  controls  that  apparently  helped  shape  the  prairie.  The  presence  of  the 
dry  westerlies  was  a  key  climate  control  for  the  prairie  region,  but  what  mattered  to  the 
vegetation  was  the  resulting  mix  of  climate  conditions  at  the  surface.  Now,  at  the  start  of 
the  21st  Century  we  have  100+  years  of  quality  climatic  data  to  examine  the  important 
climatological  conditions  at  the  surface,  and  to  quantify  their  effects  on  establishing  the 
boundaries  of  the  tall  grass  prairie. 

IMPORTANT  SURFACE  CLIMATE  CONDITIONS 

Numerous  studies  since  the  1930s  concluded  that  a  key  factor  separating  the  tall  grass 
prairie  from  the  forested  areas  north  and  south  was  drought,  a  result  expected  from  the 
prevailing  dry  westerlies  (Bryson  et  al.,  1970).  Most  earlier  studies  had  used  short  periods 
of  data,  10  to  30  years,  to  try  to  assess  drought,  and  generally  inadequately  defined 
drought  as  just  a  precipitation  deficiency.  Studies  had  shown  that  during  the  warmer  and 
drier  eras  of  the  Holocene  the  prairies  had  moved  eastward  into  parts  of  Ohio,  Pennsyl¬ 
vania,  and  West  Virginia,  and  then  retreated  westward  as  more  humid  conditions  returned 
(Bryson,  1974;  Grimm  et  al.,  2001)).  By  the  1970s  a  means  for  quantifying  droughts  and 
involving  soil  moisture  conditions,  had  been  developed.  These  were  the  Palmer  Drought 
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Severity  Indices,  and  Figure  3  shows  the  drought  frequencies  based  on  the  indices  for 
each  climate  district.  Shown  are  the  frequency  of  droughts  classed  as  severe  or  extreme, 
expressed  as  a  percent  of  years  during  the  1895-1995  period.  Comparison  of  the  area  with 
droughts  during  10%  to  15%  of  the  years  (labeled  area  3  in  Fig.  3)  with  the  boundaries  of 
the  prairie  shows  close  agreement.  The  various  climate  districts  within  the  tall  grass  prai¬ 
rie  had  experienced  severe  to  extreme  droughts  between  10%  and  15%  of  the  years, 
whereas  the  forested  areas  north  and  south  of  the  prairie  had  such  droughts  in  only  5%  to 
10%  of  the  years.  These  results  reveal  drought  occurred  50%  to  200%  more  often  in  the 
prairie,  illustrating  the  importance  of  drought  in  establishing  the  regional  boundaries 
between  prairie  and  forests. 

Another  climate  condition  that  had  been  identified  as  important,  when  better  understand¬ 
ing  of  the  relationship  between  climate  conditions  and  tree  varieties  developed,  was  the 
critical  importance  of  year-round  humid  soil  conditions  for  many  deciduous  tree  varieties. 
The  oak-hickory  forest  to  the  south  of  the  prairie,  an  area  with  higher  mean  annual  tem¬ 
peratures  than  the  prairie,  has  a  precipitation-evapotranspiration  ratio  of  0.5  to  1.0  (Hold- 
ridge,  1964).  Such  a  warm  and  moist  deciduous  forest  requires  an  annual  average  pre¬ 
cipitation  of  85  cm  to  200  cm,  and  furthermore  the  precipitation  must  be  well  distributed 
throughout  the  year  (Malin  1947).  The  85-  and  100-cm  isohyetal  lines  of  average  annual 
precipitation  for  the  20th  Century  (Fig.  4)  are  close  and  parallel  to  the  southern  boundary 
of  the  tall  grass  prairie.  Figure  4  also  shows  that  40%  or  more  of  the  annual  precipitation 
south  of  the  prairie  occurs  in  the  colder  half-year  (October-March),  and  hence  the  south¬ 
ern  forested  area  has  no  dry  season.  Most  cold  season  precipitation  values  in  the  tall  grass 
prairie  are  25%  to  35%  of  the  total  (Fig.  4),  forming  the  relatively  dry  season  that  also 
has  been  recognized  as  a  key  feature  of  prairies  (Malin,  1947).  The  wetter  colder  half 
year  in  the  southern  and  eastern  forests  also  acted  to  reduce  the  potential  for  fires,  and 
this  also  limited  the  spread  east  and  south  of  the  prairie  (Komarek,  1964).  The  heavier 
cold  season  precipitation  of  >34  cm  (85  cm  x  40%)  helps  define  the  boundary  between 
the  prairie  and  the  southern  forested  area.  The  drier  cold  season  in  the  forests  north  of  the 
prairie  is  not  tree  limiting  since  the  temperatures  and  P-E  ratios  are  much  lower  and  not 
limiting  to  several  tree  varieties  in  the  area  (Grimm,  1983). 

The  year-round  humid  conditions  to  the  south  of  the  prairie  (Fig.  4),  plus  the  rougher  ter¬ 
rain  with  many  more  rivers  and  streams  serving  as  firebreaks,  forestalled  major  fires  and 
produced  a  situation  conducive  to  forests  and  not  grasslands.  The  year-round  heavy 
monthly  precipitation  and  higher  moisture  supply  did  not  allow  sufficient  dryness  for 
lightning-induced  fires  to  be  ignited,  and  sustained  the  moisture  needs  of  the  major  tree 
varieties.  Figure  3  also  shows  that  fewer  severe  droughts  occurred  south  of  the  prairie. 

None  of  the  temperature  or  precipitation  reasons  offered  for  the  tall  grass  prairie  com¬ 
pletely  explained  the  presence  of  grasses  where  forests  of  certain  varieties  would  also 
normally  grow.  Trees  did  grow  in  isolated  stands  and  also  along  the  banks  of  some  rivers 
in  Illinois  and  other  parts  of  the  eastern  tall  grass  prairie,  but  much  of  the  area  was  in 
grass.  Much  of  the  eastern  portion  of  the  prairie  was  a  savanna  vegetation  dominated  by 
the  tall  grasses.  Field  studies  in  Illinois  found  70%  of  the  prairie  area  had  tall  grasses  and 
30%  trees  (King  and  Johnson,  1977). 
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Sauer  (1950)  was  one  of  the  first  investigators  to  identify  fire  as  a  key  to  the  prairie’s 
existence.  His  studies  of  grasslands  around  the  world  identified  three  key  conditions  for 
grasslands:  a)  a  dry  season,  b)  a  land  surface  that  is  flat  to  rolling,  and  c)  fire.  Forests  are 
destroyed  by  fire  and  only  slowly  re-establish  themselves  after  being  burned,  whereas 
grasslands  are  enhanced  by  fires  (Daubenmire,  1968;  Anderson,  1970).  The  grasses  had 
buds  and  seeds  that  lay  just  below  the  soil  surface  where  fire  temperatures  were  low. 
After  the  fires  occurred  in  the  fall,  winter,  or  early  spring,  consuming  the  above-surface 
dry  material,  the  grasses  re-developed  normal  shoots  in  a  short  period  of  time  (Axelrod, 
1985).  Thus,  prairie  fires  were  a  key  to  the  presence  of  the  prairie  grasses.  Daubenmire 
(1978)  labeled  the  tall  grass  prairie  as  a  “fire-induced  ecotone.”  The  prairie-forest 
boundaries,  or  ecotones,  were  largely  stabilized  by  natural  firebreaks  (Grimm,  1983, 
1984).  Several  studies  have  shown  that  the  cessation  of  prairie  fires  after  the  area’s  Euro¬ 
pean  settlement  in  the  19th  Century  has  resulted  in  forest  invasions  along  the  borders  of 
the  grasslands  (Ahlgren,  1960;  Briggs  and  Hurlbert,1976;  Daubenmire,  1968).  Today  it  is 
well  recognized  that  fire  is  an  important  instrument  in  managing  and  enriching  prairie 
ecosystems  (Larrabee  and  Altman,  2001) 

The  tall  grass  prairie  was  extremely  flat  with  few  natural  firebreaks,  thus  allowing  prairie 
fires  to  move  unabated  (Jackson,  1965).  Movement  of  prairie  fires  has  been  measured  to 
be  as  high  as  15  to  20  km/hr  (Risser  et  al.,  1981),  and  they  often  moved  west  to  east  with 
prevailing  winds,  allowing  tree  stands  to  develop  on  the  lee  (east)  side  of  the  region’s 
rivers  (Daubenmire,  1978).  The  effect  of  the  Mississippi  River  and  the  topography  of  its 
river  valley  that  served  as  a  firebreak  is  revealed  by  the  shape  of  the  grasslands  shown  in 
Figure  1  (Brigham  and  Patterson,  1996).  The  prairie  was  replaced  by  trees  along  the  river 
banks  but  the  prairie  existed  a  few  kilometers  away  from  both  sides  of  the  river. 

The  causes  for  the  prairie  fires  have  been  seen  as  the  actions  of  Native  Americans  and 
lightning,  and  debate  has  occurred  over  their  relative  importance.  King  (1981),  in  an 
assessment  of  the  vegetative  history  of  the  tall  grass  prairie,  noted  the  importance  of  fires 
to  its  development  and  stated,  “The  role  and  importance  of  both  natural  (lightning)  and 
anthropogenic  fires  in  the  history  of  the  Prairie  Peninsula  will  undoubtedly  be  debated 
further.” 

Early  settlers  had  recorded  that  the  fires  had  been  a  result  of  actions  by  Native  Americans 
(Anderson,  1970;  Donovan,  1992).  Native  Americans  first  appeared  in  the  tall  grass  prai¬ 
rie  after  it  had  formed,  and  as  hunters,  they  followed  on  foot  the  herds  of  bison  for  food 
(Larrabee  and  Altman  2001).  The  herds  preferred  to  feed  on  the  newly  emerging  shoots 
of  grass  that  appeared  after  fires  burned  the  overlying  dead  matter,  and  by  observation, 
the  Native  Americans  saw  this  fresh  grass  feeding  choice,  and  in  turn  used  fire  as  a  way 
to  establish  hunting  grounds  in  the  following  spring  season. 

A  forest  expert  in  the  1960s  noted  that  many  prairie  fires  had  also  been  set  by  lightning 
(Komarek,  1964).  Komarek  made  an  extensive  review  of  past  research  on  lightning  and 
its  impacts  on  crops  and  trees,  and  noted  that  “little  if  any  comment  has  been  made  about 
natural  fires  set  in  the  prairies  by  lightning.”  Large  burns  induced  by  lightning  were 
maintaining  the  prairie  for  many  years  before  Native  Americans  occupied  the  tall  grass 
prairie  (Larrabee  and  Altman,  2001).  Examination  of  hundreds  of  accounts  of  early  set¬ 
tlers  in  the  tall  grass  prairie  during  the  1535-1890  period  revealed  reports  of  403  prairie 
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fires  with  183  attributed  to  native  Americans,  1 1 1  to  settlers,  and  212  to  lightning 
(Moore,  2001).  These  notes  had  numerous  reports  of  tree  fires  ignited  by  lightning  and 
these  also  likely  led  to  grass  fires.  The  savanna  portion  of  the  prairie  was  conducive  to 
the  tree-related  initiation  of  prairie  fires.  Jackson  (1965),  who  had  studied  the  ledgers  of 
those  who  herded  cattle  across  the  prairies,  noted  that  many  contained  reports  about  the 
incidence  of  lightning-induced  prairie  fires.  A  leading  ecologist  who  made  an  extensive 
assessment  of  fires  in  grasslands  around  the  world  pointed  to  the  importance  of  lightning 
as  the  key  factor  (Daubenmire,  1968).  An  extensive  study  of  the  tall  grass  prairie  in  the 
late  1970s  led  a  group  of  ecologists  to  conclude  that  lightning-created  fires,  as  well  as 
those  caused  by  native  Americans,  had  frequently  swept  over  the  prairie  in  the  fall  and 
early  spring  when  the  extensive  dry  grass  matter  created  during  the  cold  dry  season  was 
very  flammable  (Risser  et  al.,  1981). 

Newly  available  nationwide  thunderstorm  data  for  the  entire  20th  century  (Changnon, 
2001a)  permitted  a  study  of  thunderstorm  activity  in  the  region  to  gain  a  perspective  on 
their  regional  potential  for  fires.  The  prairie  is  located  in  one  of  the  three  prime  areas  of 
thunderstorm  activity  in  the  United  States,  averaging  60  to  80  thunderstorm  events  a  year, 
with  more  than  10,000  minutes  per  year  with  storm  activity  at  any  point  in  the  region 
(Changnon,  2001b).  Only  the  Gulf  Coast  and  Florida  average  more  storms.  Thunderstorm 
incidences  during  the  October  -  March  period,  defined  as  the  prairie  fire  season  (Jackson, 
1965),  were  determined.  The  average  fire  season  values  of  thunderstorms  were  found  to 
differ  greatly  along  the  northern  boundary  of  the  tall  grass  prairie.  The  pattern  of  fire  sea¬ 
son  storm  frequencies  (Fig.  5)  shows  that  most  weather  stations  in  the  northern  forested 
area  (northern  Minnesota,  northern  Wisconsin,  and  all  of  Michigan)  average  between  1 
and  2  days  with  thunderstorms  from  October  through  March.  Stations  to  the  immediate 
south  and  located  in  the  prairie,  average  3  to  6  storm  days  during  the  fire-prone  season. 
Thus,  storms  in  the  prairie  area  are  three  to  six  times  more  frequent  than  those  north  of 
the  prairie  boundary.  Analysis  of  cloud-to-ground  lightning  flashes  during  1989-1996 
showed  a  dramatic  decrease  northward.  The  annual  average  is  13  to  15  strokes  per  2  km2 
in  the  Illinois-Iowa  portions  of  the  prairie,  but  less  than  1  stroke  per  2  km2  in  the  northern 
forested  area  (Huffier  and  Orville,  1999). 

Lightning-caused  fires,  along  with  those  caused  by  the  actions  of  Native  Americans,  were 
major  reasons  for  the  tall  grass  prairie— the  fires  destroyed  most  forests  but  sustained  the 
grasses.  The  sharp  regional  difference  in  storm  frequencies  during  the  fire  season  (Fig.  5) 
appears  to  have  been  another  reason  for  the  boundary  between  the  prairie  and  the  north¬ 
ern  forests,  and  the  northern  terrain  has  more  natural  firebreaks  to  restrain  fires  when  set. 
The  area  to  the  north  of  the  prairie  also  had  much  less  frequent  intense  droughts,  as 
shown  in  Fig.  3,  which  further  restrained  the  incidence  of  fires. 

The  western  boundary  separating  the  tall  and  short  grass  prairies  was  primarily  related  to 
the  greater  frequency  of  severe  droughts  to  the  west  (Fig.  3),  to  lower  annual  precipitation 
(Fig.  2),  and  to  higher  evapotranspiration.  The  short  grass  prairie  to  the  west  of  the  tall 
grass  prairie  also  had  fewer  fire-season  thunderstorms  (Fig.  5),  but  did  experience  major 
prairie  fires  (Jackson,  1965). 
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SUMMARY 

The  climate  conditions  important  to  the  presence  of  the  tall  grass  prairie  and  its  ecotones, 
or  boundaries,  have  been  quantified  using  20th  century  climate  data.  This  assessment  is 
meaningful  because  the  climate  of  the  20th  Century  was  representative  of  that  in  major 
portions  of  the  Holocene,  as  Guetter  and  Kutzback  (1990)  have  shown.  Wright  (1968) 
and  Grimm  et  al.  (2001)  concluded  that  the  present  climate  conditions  in  the  tall  grass 
prairie  area  have  existed  since  4,000  years  B.P. 

The  tall  grass  prairie  was  present  for  8,000  (eastern  sections)  to  10,000  (western  sections) 
years  ago  in  central  North  America  because  of  several  factors.  These  included  the 
region’s  topography  (flat  with  poor  drainage),  regional  climate  conditions  featuring  fre¬ 
quent  droughts  and  a  dry  cold  season,  and  fires  caused  by  Native  Americans  and  light¬ 
ning.  The  post  Ice  Age  prevailing  patterns  of  atmospheric  circulation  over  the  region  cre¬ 
ated  a  climate  that  was  conducive  to  either  forests  or  grasses,  but  the  grasses  prevailed 
mainly  due  to  the  region’s  susceptibility  to  fire.  The  vegetative  boundaries  of  the  trian¬ 
gular-shaped  region  were  determined  by  differences  in  drought  frequency  and  the  physi¬ 
cal  factors  related  to  fires  and  their  control,  including  regional  differences  in  moisture, 
thunderstorms,  and  topography. 
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Figure  1.  The  tall  grass  prairie  and  other  major  prairie  areas  in  the  United  States  prior  to 
European  settlement  (from  Risser  et  al.,  1981). 
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Figure  2.  Lines  marking  major  regional  differences  in  climate  and  grasslands,  as  noted  in 
1938  (from  Mattice,  1938). 
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Figure  3.  Pattern  based  on  the  percent  of  years  that  experienced  severe  or  extreme 
drought,  based  on  the  Palmer  Drought  Severity  Index  values  for  climate  dis¬ 
tricts  during  1895-1995. 
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Figure  4.  The  average  cold  season  (October-March)  precipitation  expressed  as  a  percent 
of  the  annual  total,  and  the  isohyetals  of  annual  average  precipitation  of  85  and 
100  centimeters,  based  on  data  for  1901-1997. 
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Figure  5.  Pattern  based  on  the  average  number  of  days  with  thunderstorms  during  the 
prairie  fire  season,  October-March,  based  on  data  for  1901-1995. 
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ABSTRACT 

We  used  track  stations  to  document  the  identity  and  relative  abundance  of  potential 
mammalian  predators  of  the  nests  of  northern  bobwhite  quail  and  other  ground-nesting 
birds  at  the  Jim  Edgar/Panther  Creek  State  Fish  and  Wildlife  Area  (JEPC)  in  Cass 
County,  Illinois.  Surveys  conducted  during  the  breeding  and  brood-rearing  season  for 
bobwhite  in  2000  and  2001  detected  9  species  that  we  considered  potential  nest  predators. 
Raccoons  ( Procyon  lotor )  were  the  most  abundant  and  widespread,  and  therefore  proba¬ 
bly  the  most  important  nest  predators  at  JEPC,  followed  by  Virginia  opossums  ( Didelphis 
virginiana).  The  diversity  of  the  predator  assemblage  and  widespread  distribution  of 
some  species  at  JEPC  suggests  that  nest  predation,  and  possibly  depredation  of  juvenile 
and  adult  bobwhite,  may  be  quite  high. 


INTRODUCTION 

In  recent  decades,  populations  of  some  medium-sized  mammals,  or  mesopredators,  have 
increased  dramatically  in  Illinois  (Hoffmeister  1989,  Gehrt  et  al.  2002).  Increases  in 
populations  of  mesopredators  have  accompanied  decreases  in  many  bird  populations. 
High  rates  of  nest  predation  are  considered  the  most  important  cause  of  declines  in  some 
bird  populations  (Ricklefs  1969,  Gates  and  Gysel  1978,  Martin  1988,  Hanski  et  al.  1996). 
Birds,  snakes,  and  mammals  are  all  known  to  depredate  bird  nests,  but  mammals  have 
commonly  been  identified  as  the  most  important  predators  of  ground-nesting  birds  in  the 
Midwest  (Klimstra  and  Roseberry  1975,  Whelan  et  al.  1994,  Donovan  et  al.  1997).  This 
may  be  because  many  species  of  ground-nesting  birds  use  visual  concealment  to  reduce 
their  risk  of  nest  predation,  a  strategy  that  is  less  effective  against  mammalian  predators 
that  may  rely  on  olfactory  cues  to  locate  prey  items  (Bowman  and  Harris  1980,  Clark  and 
Nudds  1991).  To  date,  considerable  effort  has  been  put  into  documenting  patterns  of  nest 
predation,  but  less  effort  has  been  put  into  identifying  specific  predator  species  that  pose 
the  greatest  threats  to  avian  productivity  (Heske  et  al.  2001). 
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One  avian  species  in  particular,  the  northern  bobwhite  ( Colinus  virginianus),  is  currently 
a  focus  of  attention  from  wildlife  biologists  and  managers.  Despite  being  one  of  the  most 
intensely  studied  and  managed  of  all  game  species  (Church  and  Taylor  1992),  northern 
bobwhite  populations  have  been  declining  for  decades  (Brennan  1991).  Population  trends 
derived  from  Breeding  Bird  Survey  and  Christmas  Bird  Count  data  show  that  the  north¬ 
ern  bobwhite  is  declining  in  24  of  the  31  states  within  its  geographic  range  (Brennan 
1991).  Biologists  at  the  Illinois  Department  of  Natural  Resources  (IDNR)  have  conducted 
call-counts  of  northern  bobwhite  since  1956  (Preno  and  Labisky  1971).  The  population 
index  derived  from  call-count  data  in  1999  was  30%  lower  than  that  in  1998  and  the  low¬ 
est  on  record  since  1975  (David  1999).  Bobwhite  researchers  cite  severe  habitat  loss  as 
the  major  cause  of  these  declines  (Klimstra  1982,  Brennan  1991).  High  quality  bobwhite 
habitat  was  a  by-product  of  agricultural  practices  until  the  1970s  (Klimstra  1982)  when 
revolutions  in  the  agriculture  industry  caused  average  field  size  to  increase  by  an  order  of 
magnitude  to  accommodate  new  farming  equipment  (O’Connor  and  Shrubb  1986).  As  a 
result,  most  of  the  fencerows  and  small  fields  that  once  provided  nesting  and  brood-rear¬ 
ing  habitat  for  northern  bobwhite  have  been  eliminated  (Klimstra  1982).  A  recent 
evaluation  of  the  landscape  in  Illinois  suggests  that  only  24%  of  the  state  is  potentially 
suitable  habitat  for  bobwhite  (Roseberry  and  Sudkamp  1998).  However,  bobwhite  popu¬ 
lations  are  declining  even  where  suitable  habitat  is  available  (Brennan  1991),  and  other 
factors  that  may  be  contributing  to  the  decline  must  be  assessed.  For  example,  the  impact 
of  predators  on  bobwhite  productivity  is  still  poorly  understood  (Brennan  1991).  Mam¬ 
mals  such  as  raccoons,  skunks,  and  opossums  have  been  reported  as  major  nest  predators 
of  bobwhite  in  other  regions  (Hernandez  et  al.  1997,  Fies  and  Puckett  2000). 

The  IDNR  manages  Jim  Edgar/Panther  Creek  Fish  and  Wildlife  Area  (JEPC)  for  conser¬ 
vation  of  fish  and  wildlife.  One  of  its  primary  objectives  is  to  provide  opportunities  for 
sustainable  hunting  of  upland  game  birds,  particularly  the  northern  bobwhite.  According 
to  a  recent  study  of  landscape  variables  indicative  of  the  suitability  of  habitat  for  bob- 
white,  most  of  JEPC  offers  potentially  high  quality  habitat  for  quail  (Roseberry  and  Sud¬ 
kamp  1998). 

The  goals  of  our  survey  were  to  identify  mammalian  species  present  at  JEPC  that  have 
the  potential  to  exert  significant  predation  pressure  on  productivity  of  bobwhite  and  other 
ground-nesting  species,  as  well  as  to  describe  their  relative  abundance.  Analyses  of  dis¬ 
tributions  of  predominant  species,  and  habitat  composition  and  structure  associated  with 
those  distributions,  will  be  the  subject  of  a  subsequent  paper. 

STUDY  AREA 

JEPC  is  a  15,574-acre  (6,303-ha)  site  in  the  Panther-Cox  Creek  Watershed  of  Cass 
County  in  west-central  Illinois.  Prior  to  European  settlement,  the  site  consisted  of  oak- 
hickory  forest,  oak  savanna,  hill  prairie  and  tallgrass  prairie.  The  region  was  settled  and 
cleared  for  small  farmsteads  by  the  1860s.  In  the  1970s,  Commonwealth  Edison  Com¬ 
pany  purchased  the  site  to  build  a  coal-fired  power  plant  and  cooling  lake,  but  those  plans 
were  later  abandoned.  The  company  leased  out  the  entire  acreage  for  agriculture  but 
maintained  a  cooperative  agreement  with  the  IDNR  to  allow  limited  hunting  and  trap¬ 
ping.  Commonwealth  Edison  sold  the  property  to  the  State  of  Illinois  in  1993.  At  present 
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the  site  is  composed  primarily  of  forest  (dominated  by  osage  orange  [Maclura  pomifera], 
honey  locust  [Gleditsia  triacanthos ],  and  oaks  [Quercus  spp.])  and  oldfield  habitat  along 
the  steep  riparian  corridors  and  cropland  (dominated  by  corn  [Zea  mays]  and  soybeans 
[Glycine  max])  on  the  upland  plateaus  with  each  habitat  type  accounting  for  approxi¬ 
mately  xh  of  the  overall  acreage. 

As  part  of  their  effort  to  sustain  and  increase  bobwhite  populations,  the  IDNR  has  divided 
the  site  into  three  similarly  sized  management  units.  The  Open  Upland  Game  Hunting 
Unit  features  hunting  without  a  special  permit,  the  Controlled  Pheasant  Hunting  Unit 
features  hunting  of  released  pheasant  with  a  fee-special  permit,  and  the  Quail  Manage¬ 
ment  Unit  features  limited  hunting  of  quail  with  a  special  permit.  These  management 
units  also  serve  as  the  basis  for  prioritizing  habitat  restoration  efforts  designed  to  benefit 
bobwhite,  including  selective  planting  of  retired  cropland  to  warm  and  cool  season 
grasses  and  use  of  prescribed  burning  to  maintain  grasslands  in  a  variety  of  early  succes- 
sional  stages. 


METHODS 

We  used  track  station  surveys  to  determine  the  identity  and  relative  abundance  of  poten¬ 
tial  mammalian  nest  predators  at  JEPC.  Each  track  station  consisted  of  a  1-m  circular  plot 
cleared  of  all  vegetation  and  covered  with  22.7  kg  of  fine-grained  sand.  In  the  first  year 
of  the  study  (2000),  we  misted  the  sand  at  each  station  with  water  and  then  smoothed  out 
the  surface  at  the  start  of  each  survey.  Because  the  sand  surface  sometimes  dried  out  or 
crusted  over,  this  method  sometimes  produced  tracks  that  could  not  be  clearly  identified. 
Therefore,  in  the  second  year  of  the  study,  we  mixed  237  ml  of  mineral  oil  with  the  sand 
to  enhance  the  consistency  of  the  tracking  medium  and  improve  the  quality  and  retention 
of  individual  tracks.  We  added  more  mineral  oil  as  needed  at  the  start  of  each  survey  to 
maintain  desired  sand  consistency. 

To  distribute  track  stations  evenly  throughout  JEPC,  we  selected  survey  locations  by 
superimposing  a  1-km  grid  over  a  habitat  map  of  the  site  and  positioning  a  track  station  at 
each  intersection  of  the  grid  (Figure  1).  However,  we  were  not  able  to  adhere  strictly  to 
grid  locations  because  some  fell  within  crop  fields,  which  the  site  manager  asked  us  to 
avoid.  To  maintain  consistency,  all  survey  locations  were  shifted  to  the  closest  edge  (for¬ 
est-grassland,  forest-cropland,  or  grassland-cropland)  regardless  of  direction.  Locating  all 
track  stations  in  edge  habitat  had  the  additional  advantage  of  potentially  improving 
detection  rate,  as  predators  sometimes  use  edges  as  travel  routes  (Bider  1968).  We  elimi¬ 
nated  a  few  track  stations  around  the  perimeter  of  the  site  so  that  the  total  number  of  track 
stations  was  stratified  among  management  units  according  to  their  respective  acreage. 
The  final  distribution  of  track  stations  included  25  in  the  controlled  hunting  unit,  25  in  the 
quail  management  unit,  and  20  in  the  open  hunting  unit.  We  determined  the  location  of 
each  track  station  in  the  field  with  a  GPS  Pathfinder  Pro  XR  unit  (Trimble  Navigation 
Limited,  Sunnyvale,  California),  or  a  Garmin  III+  unit  (Garmin  International  Incorpo¬ 
rated,  Olathe,  Kansas). 

We  conducted  surveys  of  predators  during  the  peak  breeding  and  brood-rearing  season 
for  northern  bobwhite  in  Illinois  in  2000  and  2001.  In  2000,  we  conducted  four  surveys 
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starting  in  mid- April  and  continuing  through  the  end  of  June.  In  2001,  we  conducted  3 
surveys  starting  in  mid-May  because  bobwhite  at  JEPC  started  breeding  later  than  origi¬ 
nally  anticipated  the  previous  season.  In  2000,  we  ran  each  track  station  for  4  consecutive 
nights.  On  Day  0  of  each  survey,  we  placed  a  plywood  cubby  (61  cm  x  61  cm  x  81  cm) 
over  each  station  to  prevent  rain  from  damaging  tracks.  Because  we  were  concerned  that 
some  species,  particularly  canids,  may  have  been  inhibited  by  the  cubbies,  we  removed 
the  cubbies  after  checking  for  tracks  on  Day  1.  We  then  rechecked  each  station  for  tracks 
on  Day  4  (i.e.,  after  3  days  without  cubbies).  In  2001,  we  checked  stations  for  tracks 
every  day  for  3  days  during  each  survey  and  did  not  use  cubbies.  (Despite  repeated 
attempts  to  collect  data  on  a  third  day,  we  were  able  to  collect  data  for  only  2  days  at  each 
station  during  the  first  survey  of  2001  because  of  a  prolonged  rainy  period.)  In  2000,  we 
alternated  between  using  plaster  discs  pre-soaked  in  a  15%  solution  of  fatty  acid  scent 
(FAS)  in  mineral  oil  and  using  salmon-flavored  canned  cat  food  as  the  attractant.  In  2001, 
we  used  FAS  discs  exclusively. 

We  recorded  visits  to  track  stations  by  all  mammalian  species  considered  to  be  potential 
predators  of  bobwhite  nests.  We  identified  tracks  to  the  species  level  whenever  possible; 
however,  tracks  of  red  ( Vulpes  vulpes)  and  gray  ( Urocyon  cmer^oargenteus)  foxes  were 
pooled  in  the  category  “fox”  because  it  was  often  difficult  to  distinguish  between  them. 
For  each  survey,  multiple  visits  by  individuals  of  the  same  species  to  a  particular  track 
station  counted  as  one  visit. 


RESULTS 

We  recorded  299  visits  to  track  stations  by  9  species  of  mammalian  predators.  We 
recorded  162  visits  over  1,120  survey  nights  during  the  summer  of  2000  and  137  visits 
over  560  survey  nights  during  the  summer  of  2001.  In  addition  to  species  we  considered 
important  nest  predators,  squirrels  ( Sciurus  niger  and  S.  carolinensis ),  domestic  dogs 
( Canis  familiaris),  house  cats  ( Felis  domesticus),  white-tailed  deer  ( Odocoileus  virgini- 
anus ),  eastern  cottontails  ( Sylvilagus  floridanus),  unidentified  small  rodents,  wild  turkeys 
(. Meleagris  gallopavo),  ring-necked  pheasants  ( Phasianus  colchicus )  and  unidentified 
passerine  birds  also  visited  track  stations. 

Raccoons  ( Procyon  lotor )  were  by  far  the  most  frequently  recorded  species  at  JEPC,  fol¬ 
lowed  by  Virginia  opossums  ( Didelphis  virginiana )  and  long-tailed  weasels  ( Mustela 
frenata)  (Figure  2a).  With  145  records,  raccoon  tracks  accounted  for  48%  of  all  tracks 
recorded.  Opossum  tracks  accounted  for  17%,  and  weasel  tracks  accounted  for  14%  of  all 
records.  Tracks  of  striped  skunks  (. Mephitis  mephitis ),  foxes,  and  coyotes  ( Canis  latrans ) 
each  accounted  for  5-8%  of  all  records.  Badgers  ( Taxidea  taxus)  and  minks  {Mustela 
vison )  were  documented  by  single  records  of  each  during  the  summer  of  2000.  Other¬ 
wise,  the  pattern  of  relative  abundance  among  species  was  similar  between  years  (Figure 
2a). 

The  number  of  track  stations  visited  by  mammalian  predators  at  JEPC  reflected  the  pat¬ 
tern  of  relative  abundance  (Figure  2b).  Raccoons,  the  most  commonly  encountered  spe¬ 
cies,  also  were  the  most  widely  distributed,  visiting  58  of  the  70  track  stations  (83%). 
Opossums,  the  second  most  common  species,  visited  34  stations  (49%).  Weasels  visited 
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25  (36%).  Skunks,  foxes,  and  coyotes  were  recorded  at  19-26%  of  track  station  locations. 
In  total,  mammalian  predators  were  recorded  at  67  of  70  track  stations. 

Raccoons  were  generally  abundant  throughout  JEPC;  however,  scent  stations  located  in 
areas  heavily  dominated  by  agriculture  and/or  grasslands  were  the  least  likely  to  be  vis¬ 
ited  by  raccoons  (Figure  3a).  Opossums  were  distributed  relatively  evenly  throughout 
JEPC  in  moderate  abundance;  however,  they  rarely  visited  scent  stations  in  the  northwest 
or  central  portions  of  the  site  (Figure  3b).  Visitation  by  the  less  common  species  were  too 
rare  to  indicate  general  habitat  use  by  those  species  at  the  site  (Figures  3c  and  3d). 

DISCUSSION 

We  identified  9  mammalian  species  that  would  likely  depredate  bobwhite  nests  at  JEPC. 
We  made  no  effort  to  attract  small  mammals  such  as  mice  and  shrews  to  track  stations  or 
to  identify  the  tracks  of  those  that  did  visit  track  stations.  While  they  can  be  important 
predators  of  ground-nesting  passerines  (Maxson  and  Oring  1978,  Fenske-Crawford  and 
Niemi  1997,  Dion  et  al.  2000),  these  species  would  generally  be  unable  to  depredate 
bobwhite  nests  due  to  the  large  egg  size  (Roper  1992,  Haskell  1995). 

Our  surveys  indicate  that  raccoons  and  opossums  are  probably  the  most  abundant  mam¬ 
malian  nest  predators  at  JEPC.  Because  these  species  are  incidental  nest  predators  (Vick¬ 
ery  et  al.  1992),  they  generally  depredate  nests  in  proportion  to  their  relative  abundance 
(Chesness  1968,  Angelstam  1986).  Therefore,  raccoons  likely  exert  the  greatest  predation 
pressure  on  bobwhite  productivity  at  JEPC.  However,  data  from  track  stations  must  be 
interpreted  with  caution.  Attractants  used  in  our  study  were  selected  for  their  appeal  to  a 
broad  range  of  mammalian  species  and  likely  were  not  equally  effective  in  attracting  each 
species  to  track  stations.  Our  confidence  in  the  pattern  of  relative  abundance,  however,  is 
bolstered  by  the  consistency  of  our  data  between  years  as  well  as  by  other  studies 
describing  the  composition  of  mammalian  predator  communities  in  the  Midwest.  Heske 
et  al.  (1999)  reported  that  raccoons  accounted  for  66.6%  of  mammalian  predators  sur¬ 
veyed  at  a  site  similar  to  JEPC  in  east-central  Illinois,  and  Donovan  et  al.  (1997)  identi¬ 
fied  raccoons  and  opossums  as  the  most  common  predators  of  ground-nesting  birds  in 
highly  fragmented  areas  of  Missouri,  southern  Illinois,  and  southern  Indiana. 

Studies  of  bobwhite  nesting  success  have  concluded  that  predation  pressure  is  high.  A 
study  in  Illinois  reported  that  37%  of  bobwhite  nests  (n  =  863)  were  lost  to  predators 
(Klimstra  and  Roseberry  1975),  and  a  study  in  Missouri  reported  that  68%  (n  =  157)  of 
nests  were  lost  (Burger  et  al.  1995).  Studies  from  the  southern  United  States  reported 
even  higher  nest  losses  for  bobwhite  (Lehman  1984,  Puckett  et  al.  1995,  Peoples  et  al. 
1996,  Hernandez  1999).  In  studies  that  recorded  predator  identity  with  motion-sensing 
cameras,  mesopredators  accounted  for  the  majority  of  nest  losses.  For  example,  a  study  in 
Virginia  reported  that  41%  of  artificial  bobwhite  nests  were  depredated  by  striped  skunks 
and  37%  were  depredated  by  opossums  (Fies  and  Puckett  2000).  A  study  of  artificial 
bobwhite  nests  in  western  Texas  reported  that  raccoons  accounted  for  82%  of  nest  losses 
(Hernandez  et  al.  1997).  However,  the  ability  of  artificial  nest  studies  to  accurately  esti¬ 
mate  predation  rates  on  natural  nests  has  been  questioned. 
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Predation  is  the  primary  source  of  mortality  for  bobwhite  throughout  its  life  cycle 
(Rollins  and  Carroll  2001).  Several  of  the  mammalian  species  identified  in  our  study, 
notably  coyotes,  red  foxes,  and  raccoons,  are  capable  of  capturing  and  killing  juvenile  or 
adult  bobwhite.  In  addition,  other  species  that  are  not  important  nest  predators,  such  as 
bobcats,  house  cats,  and  dogs,  may  be  important  predators  of  juveniles  and  adults.  A  pre¬ 
liminary  study  of  69  radio-tagged  bobwhite  at  JEPC  found  that  27%  (10  of  37)  of  the 
mortalities  detected  could  be  attributed  to  mammalian  predators  (J.  M.  Siegrist,  unpub¬ 
lished  data);  the  cause  of  another  12  mortalities  was  unclear,  and  some  were  likely  due  to 
mammalian  predators  as  well.  The  diversity  of  the  predator  assemblage  at  JEPC  suggests 
that  depredation  of  bobwhite  nests,  and  possibly  depredation  of  juvenile  and  adult  bob- 
white  as  well,  may  be  quite  high.  Future  studies  should  continue  to  evaluate  the  role  of 
predation  on  population  dynamics  of  bobwhite  in  conjunction  with  habitat  restoration. 
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Figure  1.  Map  of  Jim  Edgar/Panther  Creek  State  Fish  and  Wildlife  Area  in  Cass  County, 
Illinois,  showing  locations  of  track  stations  (black  circles)  used  to  survey 
mammalian  predators  in  2000  and  200 1 . 
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Figure  2.  A)  Number  of  visits  by  mammalian  predators  to  track  stations  at  JEPC  in  2000 
and  2001.  B)  Number  of  track  stations  visited  by  mammalian  predators  at  JEPC 


in  2000  and  200 1 . 


□  2000 
■  2001 


■  ■flirBn 


TO, 

vO 


Cl 

o. 


\  °+ 

%  \  * 


Q  <$ 


Op 


4?. 

%  * 


% 


Figure  3.  Distribution  of  records  of  mammalian  nest  predators  at  70  track  stations  at  JEPC  in  2000  and  2001  (years  pooled). 
A)  Raccoons.  B)  Opossums.  C)  Coyotes  and  foxes.  D)  Weasels,  skunks,  badger,  and  mink. 


64 


Figure  3.  (continued)  Distribution  of  records  of  mammalian  nest  predators  at  70  track  stations  at  JEPC  in  2000  and  2001  (years  pooled). 
A)  Raccoons.  B)  Opossums.  C)  Coyotes  and  foxes.  D)  Weasels,  skunks,  badger,  and  mink. 
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BOOK  REVIEW  2003  -#1 

Brodo,  Irwin  M.,  Sylvia  Duran  Sharnoff,  and  Stephen  Sharnoff.  Lichens  of  North 
America.  2001.  xxiii  +  795  pages;  maps;  colored  photographs;  figures;  suggested  reading 
list.  Yale  University  Press,  New  Haven,  CT.  ISBN:  0-300-08249-5.  Hard  Cover.  Price: 
$69.95.  Available  from  Yale  University  Press,  P.  O.  Box  209040,  New  Haven,  CT 
06520-9040 

Lichens  are  unique  living  entities.  Each  lichen  species  consists  of  a  fungal  taxon  and  a 
green  algal  taxon  or  a  cyanobacterial  taxon  (or  both)  living  together  in  a  symbiotic 
relationship.  They  are  so  successful  that  there  are  about  3,600  species  of  lichens  known 
for  North  America  alone.  Lichens  are  ubiquitous,  except  for  large  cities  where  they  are 
essentially  absent  because  of  their  sensitivities  to  pollution.  Some  are  inconspicuous 
while  others  are  brilliant  patches  of  yellow,  orange  or  blue-green  on  soils,  rocks,  bark  of 
trees  and  other  substrata.  Still  others  form  long  strands  draped  over  tree  branches.  In 
certain  ecosystems  lichens  have  major  roles  in  food  webs  and  in  addition,  they  provide 
nesting  materials  for  birds  and  mammals. 

Considering  the  importance  of  lichens,  it  is  surprising  that  only  a  few,  mostly  regional, 
manuals  for  North  America  have  been  published.  However,  Lichens  of  North  America 
superbly  fills  the  need  for  a  comprehensive  yet  easily  accessible  guide  to  the  most 
noteworthy  lichens  for  North  America  from  the  Mexican  border  to  the  arctic.  The  senior 
author,  Irwin  M.  Brodo,  is  a  world  authority  on  lichens  and  their  biology.  And  most  of 
the  photographs  were  taken  by  the  renowned  nature  photographers  Stephen  Sharnoff  and 
the  late  Sylvia  Duran  Sharnoff. 

The  book  covers  over  1500  common,  conspicuous  or  otherwise  important  lichens  and 
presents  information  on  another  700  species  in  the  keys  and  notes,  with  special  attention 
given  to  species  endemic  to  North  America.  There  are  804  photographs  of  lichens  which 
were  taken  in  natural  habitats.  In  addition,  there  is  a  glossary  which  explains  technical 
terms. 

The  volume  is  divided  into  two  major  parts:  “About  The  Lichens”  and  “Guide  To  The 
Lichens,”  respectively.  Although  part  one  is  only  113  pages  long,  chapters  one  through 
eight  contain  a  wealth  of  information  about  such  topics  as  ecology,  structure, 
reproduction,  growth  and  chemistry  of  lichens.  Chapter  nine  describes  eighteen 
geographic  regions  in  North  America  in  which  the  lichens  are  found  and  includes  maps 
and  photographs.  Chapters  ten  and  eleven  cover  economic  uses  of  lichens,  the  adverse 
effects  of  some  human  activities  on  lichen  communities,  and  the  use  of  lichens  to  monitor 
air  quality.  Also  in  part  one,  chapters  twelve,  thirteen  and  fourteen  provide  useful 
information  on  lichen  nomenclature,  helpful  advise  on  how  to  collect  and  study  lichens 
and  important  suggestions  on  how  to  identify  lichens  using  the  keys  and  descriptions  in 
part  two. 

Part  two  is  used  to  identify  unknown  lichens,  the  dichotomous  “Key  to  Keys”  first  takes 
the  user  to  one  of  eleven  lichen  Groups  (A  through  K)  based  on  morphological  features. 
For  example,  Group  Keys  C  through  F  are  dichotomous  keys  to  genera  (and  some 
species)  of  four  different  morphological  groups  of  crustose  lichens;  namely,  sterile 
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crustose  lichens  (Key  C),  crustose  perithecial  lichens  and  lichens  with  ascomata 
(ascocarps)  resembling  perithecia  (Key  D),  crustose  script  lichens  (Key  E),  and  crustose 
disk  lichens  (Key  F).  Subsequently,  the  user  goes  to  the  “Description,  Illustrations,  Keys 
To  Species,  and  Maps”  section  (pages  145-749)  following  the  Group  Keys  where  the 
genera  and  species  are  arranged  alphabetically.  For  fully  treated  species  in  the  text,  the 
investigator  will  find  a  very  fine  photograph,  a  common  name,  a  distribution  map,  a 
description,  habitat  information,  lichen  substances  and  results  of  chemical  identification 
tests.  The  authors  warn  the  user  that  it  is  imperative  to  use  the  keys  because  not  all 
lichens  are  photographed  and  therefore  just  matching  specimens  with  photographs  may 
lead  to  misidentifications. 

I  did  find  one  problem  in  using  the  book.  It  weighs  almost  ten  pounds  and  thus  will  be 
difficult  to  carry  into  the  field.  It  may  be  necessary  to  collect  specimens  in  the  field  and 
identify  them  later.  But,  in  this  regard  the  authors  caution  the  investigator  not  to  collect 
lichen  specimens  unless  serious  about  studying  them,  take  only  small  quantities  if  needed 
and  obtain  permission  to  collect.  In  any  case,  I  would  highly  recommend  Fichens  of 
North  America  for  the  library  of  anyone  who  is  interested  in  lichens,  from  a  specialist  to 
an  amateur,  for  its  wealth  of  information  and  striking  illustrations. 

Reviewer:  Judith  B.  Rastorfer,  547  Fakewood  Boulevard,  Park  Forest,  Illinois  60466 

Note:  For  matters  concerning  book  reviews  please  contact  James  R.  Rastorfer,  Book 
Review  Editor,  Department  of  Biological  Sciences,  Chicago  State  University,  9501  South 
King  Drive,  Chicago,  IF  60628;  773-995-2426;  j-rastorfer@csu.edu 
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ABSTRACT 

Detailed  analysis  of  plasma  membrane  chemistry  calls  for  isolation  and  purification  of 
plasma  membranes  from  cell  homogenates.  There  are  few  published  reports  describing 
isolation  of  plasma  membranes  from  microalgae.  We  have  developed  techniques  and 
modified  established  procedures  to  successfully  obtain  sufficient  quantities  of  membranes 
from  three  species  of  marine  microalgae.  The  aqueous  two-phase  partitioning  technique 
was  successfully  used  to  purify  the  plasma  membranes.  The  collection  of  highly  purified 
plasma  membranes  requires  optimization  of  procedures  for  each  species  under  investi¬ 
gation.  Plasma  membranes  partition  to  the  upper  phase  in  optimal  two-phase  systems,  as 
indicated  by  vanadate-sensitive  K+-Mg2+  ATPase  activity.  Other  marker  enzyme  activities 
were  insignificant  or  undetectable  indicating  little  or  no  contamination  by  other 
membrane  fractions.  Detailed  procedures  for  membrane  isolation  as  well  as  composition 
of  optimal  two-phase  systems  for  all  three  species  are  reported. 

Key  Words:  aqueous  two-phase  separation,  microalgae,  plasma  membrane,  cell  frac¬ 
tionation 


INTRODUCTION 

In  all  cells,  the  cytoplasmic  (plasma)  membrane  separates  living  portions  of  the  cell  from 
the  surrounding  environment,  detects  and  responds  to  changes  in  the  environment,  and 
controls  passage  of  materials  in  and  out  of  the  cell.  In  eukaryotic  cells,  intracellular  mem¬ 
branes  separate  regions  into  functional  compartments,  as  well  as  anchoring  multi-enzyme 
complexes,  ribosomes,  and  other  macromolecular  structures  such  as  cytoskeletal 
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elements  and  structural  proteins.  Rather  than  homogeneous,  static  structures,  membranes 
are  dynamic,  responsive  arrays  that  participate  in  metabolic  events  of  living  cells.  Mem¬ 
brane  structure  and  function  are  not  uniform  from  one  region  to  the  next,  but  instead 
show  marked  differences  in  molecular  composition  and  associated  enzymatic  activity, 
reflecting  biochemical  specialization  of  different  cell  compartments.  Extensive  studies  on 
cells  of  higher  plants  and  animals  have  revealed  specific  patterns  of  enzyme  localization 
associated  with  different  membrane  fractions. 

The  plasma  membrane  of  a  unicellular  microorganism  possesses  all  the  necessary 
components  allowing  it  to  sense  and  respond  to  signals  in  its  surrounding  environment. 
Therefore,  the  plasma  membrane  of  a  unicellular  microorganism  is  the  site  of  a  myriad  of 
metabolic  events  distinct  from  events  and  processes  occurring  in  other  membrane 
fractions  of  the  cell.  Detailed  understanding  of  early  events  as  cells  respond  to 
environmental  stress  requires  focus  on  the  plasma  membrane,  as  opposed  to  analysis  of 
bulk  membranes  from  throughout  the  cell. 

Structural  and  functional  differences  between  various  membrane-bound  compartments 
within  a  cell  can  be  studied  through  separation  of  their  associated  membranes  and 
subsequent  investigation  of  purified  fractions.  These  investigations  include,  but  are  not 
limited  to:  analysis  of  protein  composition,  measuring  activity  of  membrane-bound 
enzymes,  measurements  of  lipid  bilayer  fluidity,  measurements  of  ion  transport  across 
membranes,  or  detailed  analyses  of  membrane  lipid  composition.  Consequently,  isolation 
of  purified  membrane  fractions  has  found  broad  application  in  many  diverse  fields  of 
investigation. 

Widell  and  Larsson  (1981)  introduced  partitioning  in  aqueous  Dextran-polyethylene 
glycol  (PEG)  two-phase  systems  as  a  method  for  plasma  membrane  purification  from 
plants.  Since  their  introduction,  aqueous  two-phase  systems  have  found  wide  use  in 
separation  of  biological  materials  (Albertsson  1986).  Partitioning  of  bio-materials  in 
aqueous  two-phase  systems  is  a  simple,  yet  sensitive  method  for  the  purification  of  cell 
constituents  including  proteins,  nucleic  acids,  membranes,  and  cell  organelles  (Walter 
and  Johansson  1994).  This  technique  has  been  applied  to  bacteria  (Schiitte  et  al.  1994), 
fungi  (Kopperschlager  1994),  algae  (Flynn  et  al.  1987),  higher  plants  (Larsson  et  al. 
1987),  and  animals  (Joelsson  and  Tjerneld  1994). 

Before  utilizing  the  aqueous  two-phase  partitioning  method  to  obtain  plasma  membrane 
preparations  it  must  be  optimized  for  the  particular  species  to  be  used.  Since  much  of  the 
literature  describes  the  use  of  this  technique  on  higher  plants,  we  also  wished  to 
determine  whether  this  technique  was  broadly  applicable  to  photosynthetic  microorgan¬ 
isms.  The  aqueous  two-phase  partitioning  method  is  presented  below,  describing 
preparation  of  plasma  membrane  fractions  from  three  species  of  marine  microalgae: 
Tetraselmis  suecica  (Prasinophyceae),  Chaetoceros  gracilis  (Bacillariophyceae),  and  Iso- 
chrysis  aff.  galbana  (Prymnesiophyceae). 
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MATERIALS  AND  METHODS 


Microalgal  Culture 

T.  suecica  (UTEX  2286),  C.  gracilis  (UTEX  2375),  and  I.  aff.  galbana  (UTEX  2307) 
were  obtained  from  the  University  of  Texas  culture  collection.  All  organisms  were  grown 
axenically  in  modified  ASP-2  media  (Provasoli  et  al.  1957).  All  media  contained  the  fol¬ 
lowing  vitamins:  1  jig^L'1  biotin,  200  [ig*L  1  thiamine-HCl,  and  1  pg^L'1  vitamin  B]2. 
Media  for  C.  gracilis  also  contained  30  mg#L  ‘  sodium  silicate,  26.3  //g*L  1  sodium 
selenate,  and  3.1  //g*L'‘  lithium  chloride.  The  cultures  were  grown  under  constant  illu¬ 
mination  at  25°C  using  our  state-of-the-art  computer-controlled  photobioreactor 
(turbidostat)  systems  (Hearn  1994).  Our  bioreactor  system  continuously  monitors  tur¬ 
bidity  of  the  growing  cell  suspension.  When  turbidity  exceeds  a  predetermined  set  point, 
the  system  activates  a  peristaltic  pump  to  add  fresh  medium  thereby  diluting  the  cell 
suspension  back  to  the  pre-set  turbidity.  Thus  turbidity  of  the  suspension  remains  con¬ 
stant  (within  ±1%)  while  volume  increases.  Rate  of  addition  of  fresh  medium  is  a 
measure  of  growth  rate.  This  culture  method  provides  for  analyses  a  large  standing  crop 
of  microalgal  suspension  in  balanced  exponential  growth  for  extended  periods  of  time 
(Hearn  1994). 

Because  this  system  maintains  very  stable  growth  conditions,  the  physiological  and 
biochemical  states  of  the  culture  remain  constant.  As  a  result,  growth  rates  of  our  test 
species  are  maintained  constant  as  well.  Intrinsic  growth  rates  of  0.05  to  0.06 
doublings*hour 1  for  each  of  the  test  species  can  be  continued  for  many  months.  The 
system  allows  us  to  easily  reproduce  identical  culture  conditions  from  experiment  to 
experiment. 

Preparation  of  Membranes 

All  chemicals  were  obtained  from  Sigma-Aldrich.  Cells  from  250  ml  culture  (50-80  mg 
dry  weight)  were  collected  by  centrifuging  at  7000g  for  5  min.  Cells  were  washed  by 
resuspending  in  25  ml  cell  washing  buffer  (0.5  M  sorbitol,  50  mM  Tris-HCl,  pH  7.5)  and 
centrifuging  again  at  7000g  for  5  min.  The  cells  were  processed  immediately  or  stored 
frozen  at  -80°C  for  later  use.  All  of  the  following  steps  were  performed  on  ice  or  at  2°C. 
Cells  were  resuspended  in  25  ml  freshly  made  homogenization  buffer  (0.5  M  sorbitol,  50 
mM  Tris-HCl,  pH  7.5,  5  mM  Na2EDTA,  5  mM  dithiothreitol  (DTT),  1  mM  phen- 
ylmethylsulfonylfluoride  (PMSF),  and  2.5%  (w/v)  polyvinylpyrrolidone  (PVP).  Cells 
were  homogenized  by  ultrasonication  to  achieve  at  least  85%  cell  breakage.  The 
homogenate  was  then  centrifuged  at  14,000g  for  30  min.  This  yielded  a  pellet  consisting 
of  whole  cells,  whole  organelles,  and  cell  walls,  and  a  supernatant  containing  plasma 
membranes  and  other  intracellular  membranes.  The  pellet  was  discarded  while  the 
supernatant  was  centrifuged  at  100,000g  for  30  min.  This  yielded  a  crude  microsomal 
pellet,  which  was  resuspended  by  hand  homogenization  in  3  ml  homogenization  buffer. 
This  suspended  fraction  contained  4-5  mg  protein  determined  by  the  method  of  Bradford 
(1976).  Bovine  serum  albumin  was  used  as  the  standard. 

Purification  of  Plasma  Membranes 

The  resuspended  microsomal  pellet  from  250  ml  of  culture  suspension  was  applied  to  a 
two-polymer  phase  system  giving  a  10  g  final  weight  (Table  1).  In  the  first  set  of 
experiments  phase  mixtures  containing  5. 9-6. 7%  (w/w)  Dextran  T500  and  5. 9-6. 7% 
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(w/w)  PEG  3350  mixtures  were  used.  Stock  solutions  containing  22.8%  (w/w)  Dextran 
T500  in  0.5  M  sorbitol,  50  mM  Tris-HCl,  pH  7.5  and  22.8%  (w/w)  PEG  3350  in  0.5  M 
sorbitol,  50  mM  Tris-HCl,  pH  7.5  were  added  to  the  phase  mixture  to  achieve  the  desired 
polymer  concentration.  In  the  second  set  of  experiments,  Dextran  T500  and  PEG  3350 
mixtures  were  held  constant  (concentrations  as  determined  from  the  previous  set  of 
experiments)  while  NaCl  concentration  in  the  phase  mixture  was  varied  between  0-30 
mM.  A  stock  solution  of  0.79  M  NaCl  in  0.5  M  sorbitol,  50  mM  Tris-HCl,  pH  7.5  was 
added  to  the  phase  mixture  to  give  the  desired  salt  concentration.  Each  system  was  mixed 
by  25-30  inversions  of  the  tube  and  centrifuged  at  l,000g  for  5  min.  to  facilitate  phase 
setting.  The  top  phase  was  carefully  removed  with  a  Pasteur  pipette  without  disturbing 
the  interface.  The  material  at  the  interface  was  removed  with  the  lower  phase.  Both 
phases  were  diluted  ~5-fold  with  membrane  wash  buffer  (0.3  M  sucrose,  50  mM  Tris- 
HCl,  pH  7.5)  and  membranes  were  collected  at  100,000g  for  60  min.  Pelleted  membranes 
from  both  phases  were  resuspended  in  1  ml  storage  buffer  (0.3  M  sucrose,  5  mM  Tris- 
HCl,  pH  7.0).  Isolated  membranes  were  either  analyzed  immediately  or  stored  frozen  at 
-80°C  for  later  use. 

Enzyme  Assays 

Cyanide  insensitive,  NAD(P)H  cytochrome-c  reductase  and  cytochrome-c  oxidase  were 
assayed  spectrophotometrically  at  25°C  by  following  the  reduction  or  oxidation  of 
cytochrome-c  at  550  nm  as  described  by  Briskin  et  al.  (1987).  In  higher  plants  such  as 
oats  and  corn,  these  enzyme  assays  are  markers  for  endoplasmic  reticulum  and 
mitochondria,  respectively  (Hodges  and  Leonard,  1974;  Gallagher  and  Leonard  1982). 
Potassium-stimulated,  magnesium-dependent  adenosine  triphosphatase  (K+-Mg2+ 
ATPase)  was  assayed  by  the  method  of  Briskin  et  al.  (1987).  This  assay  marks  the  plasma 
membrane  (Hodges  and  Leonard,  1974).  The  reaction  mixture  contained  3  mM  Tris-ATP, 
4  mM  MgS04,  50  mM  KC1,  50  mM  Mes-Tris,  pH  6.5,  and  25  pg  protein  in  a  final 
volume  of  1  ml.  Latent  inosine  diphosphatase  (IDPase)  activity  was  assayed  according  to 
the  method  of  Briskin  et  al.  (1987).  This  assay  marks  Golgi  membranes  (Ray  et  al.  1969). 
The  reaction  mixture  consisted  of  3  mM  sodium-inosine  diphosphate  (Na-IDP),  4  mM 
MgS04,  50  mM  KC1,  50  mM  Tris-Mes,  pH  7.5,  and  25  pg  protein  in  a  final  volume  of  1 
ml.  The  activity  is  determined  on  freshly  isolated  membranes  and  after  6  days  of  storage 
at  2-4°C.  Latent  IDPase  represents  the  difference  between  initial  activity  and  activity 
observed  upon  cold  storage.  Both  the  K+-Mg2+  ATPase  and  IDPase  assays  contained  0.1 
mM  sodium  molybdate  and  1  mM  sodium  azide  to  inhibit  mitochondrial  and  other  non¬ 
specific  phosphatases  (Briskin  et  al.  1987).  The  reactions  were  carried  out  at  25°C  for  1 
hr  and  then  stopped  by  the  addition  of  Ames  stopping  and  color  reagent.  The  released  Pj 
was  measured  by  the  method  of  Ames  (1966).  The  Ames  stopping  and  color  reagent 
contained  7.3  %  (w/v)  SDS  (phosphate  free). 


RESULTS 


Plasma  Membrane  Purification 

Ultrasonication  was  used  to  break  the  algal  cells  and  differential  centrifugation  was  used 
to  separate  whole  organelles,  unbroken  cells,  and  cell  wall  material  from  the  remainder  of 
the  cell  membranes.  Cell  membranes  were  then  pelleted  and  partitioned  by  an  aqueous 
Dextran-PEG  two-phase  system  (Figure  1).  Optimization  of  the  two-phase  partitioning 
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technique  was  achieved  by  first  varying  the  concentrations  of  Dextran  and  PEG  in  the 
absence  of  NaCl.  Once  optimal  concentrations  of  Dextran  and  PEG  were  found  they  were 
kept  constant  while  NaCl  concentration  was  varied.  Following  partitioning  of  membranes 
between  the  two  phases,  membranes  of  each  phase  were  collected  by  centrifugation. 
Purity  of  isolated  membrane  fractions  were  then  judged  by  criteria  described  below.  Two 
membrane  fractions  were  subsequently  used  for  analysis:  the  upper  phase  and  lower 
phase  fractions  taken  from  the  aqueous  two-phase  system. 

Purity  of  the  Isolated  Upper  Phase  Fraction 

Specific  enzyme  activities  characteristic  for  specific  organelle  membranes  were  measured 
in  each  fraction.  The  upper  phase  (plasma  membrane)  fraction  from  the  optimal  two- 
phase  system  from  each  of  the  three  species  was  enriched  in  K+-Mg2+  ATPase  activity 
(Table  2).  This  type  of  ATPase  activity  is  considered  a  specific  marker  for  the  plasma 
membrane,  as  discussed  below. 

Total  enzyme  activities  characteristic  for  specific  organelle  membranes  were  also 
calculated  for  upper  and  lower  phase  fractions  obtained  by  optimal  phase  partition  of  the 
microsomal  fraction  .  These  total  activities  were  compared  to  total  activities  of  marker 
enzymes  obtained  from  the  microsomal  fraction  (see  Table  3).  For  each  species  a 
relatively  high  percentage  of  K+-Mg2+  ATPase  activity  can  be  seen  in  the  upper  phase. 
High  relative  activities  of  the  other  marker  enzymes  are  seen  in  the  lower  phase.  This 
data  indicates  adequately  purified  plasma  membrane  fractions  can  be  obtained  from  the 
three  algal  species. 

For  each  species  as  the  concentrations  of  Dextran  and  PEG  were  increased,  a  greater  per¬ 
centage  of  ATPase  activity  could  be  found  in  the  upper  phase  (Figures  2,  3,  and  4).  Con¬ 
centrations  of  Dextran  and  PEG  were  chosen  that  resulted  in  a  high  percentage  of  K+- 
Mg2+  ATPase  activity  and  comparably  lower  percentages  of  latent  IDPase,  cytochrome  c 
oxidase,  and  NAD(P)H  cytochrome  c  reductase  activities  in  the  upper  phase. 
Concentrations  of  6.4%,  6.5%,  and  6.4%  Dextran  and  PEG  produced  the  best  results  for 
T.  suecica,  C.  gracilis ,  and  /.  aff.  galbana,  respectively. 

Enhanced  purification  of  plasma  membranes  was  accomplished  by  addition  of  NaCl  to 
the  two-phase  system  (Figures  5,  6,  and  7).  Optimal  NaCl  concentrations  chosen  for  the 
three  species  were  8  mM,  24  mM,  and  8  mM  for  T.  suecica ,  C.  gracilis ,  and  /.  aff.  gal¬ 
bana, ,  respectively.  For  each  species  cytochrome  c  oxidase  activity  was  undetectable  in 
the  upper  phase  fraction  at  optimal  NaCl  concentration.  This  demonstrates  insignificant 
mitochondrial  contamination.  20%  or  less  of  the  latent  IDPase  activity  was  present  in  the 
upper  phase  at  optimal  NaCl  concentration  for  each  species  demonstrating  very  little 
contamination  by  Golgi  membranes.  At  optimal  NaCl  concentrations  a  greater  percentage 
of  NAD(P)H  cytochrome  c  reductase  activity  was  found  in  the  upper  phase  when  com¬ 
pared  with  other  contaminating  marker  enzymes,  indicating  possible  ER  contamination  of 
the  plasma  membrane  preparations.  According  to  Briskin  et  al.  (1987),  greater  specificity 
of  this  marker  for  the  ER  can  be  achieved  by  determining  the  component  of  activity  that 
is  insensitive  to  1  jaM  antimycin  A.  However,  we  found  little  change  in  activity  of 
NAD(P)H  cytochrome  c  reductase  in  the  upper  phase  fractions  taken  from  our  optimal 
two-phase  systems  upon  the  addition  of  antimycin  A  (data  not  shown). 
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DISCUSSION 

Traditionally,  linear  and  discontinuous  density  gradients,  after  disruption  of  cells,  have 
been  used  for  purification  of  the  plasma  membrane  (Hodges  et  al.  1972).  However,  these 
methods  are  not  adapted  universally  for  green  tissue  because  of  heavy  contamination  of 
plasma  membrane  fractions  by  fragmented  chloroplasts  and  other  organelles.  The 
aqueous  two-phase  partitioning  method  is  superior  to  traditional  methods  because  it 
separates  membrane  vesicles  according  to  surface  properties  and  not  according  to  size  or 
density  (Larsson  et  al.  1987).  Concentrations  of  Dextran,  PEG,  and  NaCl  are  of  critical 
importance  to  the  success  of  plasma  membrane  purification.  Anions  partition  pref¬ 
erentially  into  the  lower  phase  (mainly  Dextran),  causing  the  lower  phase  to  become 
negatively  charged,  and  the  upper  phase  to  be  positively  charged  (Larsson  1983).  This 
difference  in  charge  is  believed  responsible  for  selective  partitioning  of  the  plasma  mem¬ 
brane  into  the  upper  phase.  Optimal  composition  of  the  two-phase  system  yields  plasma 
membrane  preparations  from  angiosperms  with  purities  estimated  at  about  95%  (Larsson 
1985;  Sandelius  et  al.  1986)  compared  to  the  50-75%  purity  achieved  with  sucrose  gradi¬ 
ent  centrifugation.  This  procedure  is  very  well  suited  for  use  with  tissues  where 
contamination  by  chloroplast  membranes  is  a  problem.  Plasma  membranes  distribute 
almost  exclusively  to  the  upper  phase  even  at  polymer  concentrations  where  intracellular 
membrane  proteins  are  found  mainly  in  the  lower  phase. 

In  comparison  with  higher  plant  literature  there  are  few  published  reports  describing 
isolation  of  plasma  membrane  fractions  from  microalgae.  Our  initial  attempts  proved 
inadequate  due  to  very  low  yield  of  plasma  membrane  protein.  Various  homogenization 
techniques  were  attempted  such  as  partial  cell  wall  digestion  followed  by  osmotic  shock, 
Trench  Press  disruption,  and  freezing  in  liquid  nitrogen  followed  by  grinding  in  a  mortar 
and  pestle.  None  of  these  techniques  were  suitable  as  they  resulted  in  either  very  low 
percentage  of  cell  breakage  or  so  much  homogenization  that  subsequent  fractionation  of 
cell  constituents  proved  impossible.  Ultrasonication  was  eventually  chosen  because  it 
resulted  in  a  high  percentage  of  the  cells  being  broken  in  a  relatively  short  period  of  time. 
250  ml  samples  from  all  three  test  species  can  easily  be  homogenized  in  less  than  30 
minutes  using  this  technique.  It  then  became  necessary  to  develop  techniques  and  modify 
already  existing  procedures  to  optimize  the  recovery  of  the  crude  cell  membranes  before 
purifying  the  plasma  membranes.  We  succeeded  in  collecting  the  remaining  crude  cell 
membranes  by  centrifugation  only  under  very  high  g-force  (see  Llynn  et  al.  1986).  At  this 
point  the  composition  of  our  two  phase  system  had  to  be  optimized  for  each  test  species 
to  achieve  upper  phase  fractions  highly  enriched  in  plasma  membranes.  Optimization  was 
achieved  by  performing  marker  enzyme  assays  on  upper  and  lower  phase  fractions  taken 
from  a  series  of  two-phase  systems  differing  in  the  concentration  of  Dextran,  PEG,  and 
NaCl. 

The  purity  of  plasma  membrane  preparations  has  traditionally  been  assessed  using  a 
combination  of  marker  enzyme  assays  and  stains  specific  for  various  cellular  membranes. 
It  was  first  shown  by  Roland  et  al.  (1972)  using  electron  microscopy  that  periodic  acid- 
chromic  acid-phosphotungstic  acid  (PCAP)  preferentially  stains  the  plasma  membrane  in 
whole  plant  cells.  This  diagnostic  characteristic  was  then  used  by  Roland  et  al.  (1972)  to 
identify  plasma  membranes  in  crude  fractions  including  a  number  of  contaminating 
intracellular  membranes.  Subsequently,  this  PCAP  staining  fraction  was  found  to  be 
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highly  correlated  with  membrane  fractions  enriched  in  K+-Mg2+  ATPase  activity. 
Localization  of  K+-Mg2+  ATPase  activity  to  the  plasma  membrane  has  been  demonstrated 
in  this  way  not  only  for  higher  plants  (Zea  mays  (Leonard  and  VanDerWoude  1976), 
Avena  sativa  (Briskin  et  al.  1987),  and  Dactylis  glomerata  (Yoshida  et  al.  1983)),  but  also 
for  algae  ( Phaeodactylum  tricornutum  (Flynn  et  al.  1987),  Dunaliella  salina  (Weiss  et  al. 
1989),  and  Nitzschia  alba  (Sullivan  and  Volcani  1974)).  Results  from  these  studies  are 
very  consistent:  plasma  membrane  fractions  are  enriched  with  K+-Mg2+  ATPase  activity, 
this  activity  is  inhibited  by  vanadate,  and  a  high  percentage  of  the  vesicles  found  in  these 
fractions  stain  with  PCAP.  We  therefore  concluded  that  membrane  fractions  enriched  in 
vanadate-sensitive  K+-Mg2+  ATPase  activity  purified  from  our  test  species  could  be 
definitively  identified  as  plasma  membrane  fractions. 

We  noticed  that  under  optimal  or  near  optimal  two-phase  system  conditions,  the 
NAD(P)H  cytochrome-c  reductase  activity  closely  followed  K+-Mg2+  ATPase  activity 
(Figures  5,  6,  and  7).  Cytochrome  c  reductase  activity  has  long  been  considered  a  char¬ 
acteristic  marker  of  endoplasmic  reticulum  (ER)  membranes  (Hodges  and  Mills  1986; 
Peeler  et  al.  1989).  However,  recent  investigations  (Larsson  et  al.  1994)  have  noted  cyto¬ 
chrome  c  reductase  activity  associated  with  higher  plant  plasma  membranes.  Larsson  et 
al.  (1994)  caution  this  enzyme  may  not  be  a  reliable  marker  for  ER  in  highly  purified 
plasma  membrane  fractions.  It  is  a  useful  marker  for  ER  in  crude  fractions  when  assayed 
in  the  absence  of  detergent,  however,  since  the  plasma  membrane-bound  activity  is 
located  at  the  cytoplasmic  surface  and  therefore  mainly  latent  in  crude  fractions(Larsson 
et  al.  1994).  We  suggest  (suspect)  that  the  NAD(P)H  cytochrome-c  reductase  activity 
recorded  in  the  pure  plasma  membrane  fractions  is  not  the  result  of  contaminating  ER 
membranes,  but  rather  an  enzymatic  activity  of  the  algal  plasma  membranes. 

SUMMARY 

We  have  now  demonstrated  that  fractions  highly  enriched  in  plasma  membranes  can  be 
successfully  obtained  from  T.  suecica,  C.  gracilis ,  and  /.  aff.  galbana  using  the  aqueous 
two-phase  partition  technique.  Plasma  membrane  fractions  from  these  species  are 
enriched  in  K+-Mg2+  ATPase  activity  while  other  contaminating  enzymatic  activities  are 
either  undetectable  or  at  very  low  levels,  demonstrating  these  fractions  are  of  high  purity. 
The  localized  activities  of  these  various  marker  enzymes  in  our  work  are  consistent  with 
previous  studies  (cited  above)  providing  convincing  evidence  that  we  can  isolate  purified 
plasma  membrane  fractions.  The  most  suitable  partition  systems  for  the  three  species 
described  here  are:  6.4%  (w/w)  of  Dextran  T500,  6.4%  (w/w)  of  PEG  3350,  and  8  mM 
NaCl  for  T.  suecica ;  6.5%  (w/w)  of  Dextran  T500,  6.5%  (w/w)  of  PEG  3350,  and  24  mM 
NaCl  for  C.  gracilis ;  6.4%  (w/w)  of  Dextran  T500,  6.4%  (w/w)  of  PEG  3350,  and  8  mM 
NaCl  for  /.  aff.  galbana. 

Purities  of  the  plasma  membrane  fractions  discussed  in  this  paper  were  based  on  one 
separation  of  the  crude  microsomes  using  the  aqueous  two-phase  partitioning  technique. 
Enrichment  of  the  upper  phase  fraction  can  be  increased  still  more  by  washing  it  with 
fresh  lower  phase.  Fresh  lower  phase  can  be  obtained  from  aqueous  two-phase  systems  in 
which  the  weight  of  suspended  crude  microsomes  is  replaced  by  an  equal  weight  of 
homogenization  buffer.  Once  optimal  composition  of  the  aqueous  two-phase  system  is 
known  fresh  upper  and  lower  phases  can  be  made  in  bulk.  Virtually  chlorophyll  free 
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upper  phases  can  be  obtained  from  both  T.  suecica  and  C.  gracilis  with  only  a  single 
phase  partition  whereas  it  was  necessary  to  wash  the  upper  phase  from  /.  aff.  galbana 
with  fresh  lower  phase  two  additional  times. 

This  procedure  is  easily  amenable  to  larger  quantities  of  starting  material.  For  example,  if 
150mg  dry  weight  of  material  is  to  be  processed,  the  final  weight  of  the  aqueous  two- 
phase  system  is  increased  to  20g.  This  flexibility  is  very  important  as  uses  for  isolated 
fractions  will  differ  according  to  the  field  of  investigation.  Also,  cells  from  different 
organisms  can  differ  greatly  in  size  and  composition.  These  differences  and  others  will 
directly  affect  the  amount  of  starting  material  that  is  required  to  obtain  the  proper  amount 
of  plasma  membranes. 

The  techniques  and  data  reported  in  this  paper  lay  the  foundation  for  future  studies  in  our 
laboratory.  These  studies  require  detailed  characterization  of  fatty  acid  composition  of 
isolated  plasma  membranes  taken  from  our  test  species.  Until  now,  this  type  of  study  has 
proven  difficult  as  more  traditional  techniques  cannot  not  yield  plasma  membrane  frac¬ 
tions  of  high  enough  purity.  Using  this  technique,  we  hope  to  come  to  a  better  under¬ 
standing  of  the  plasma  membrane's  role  in  the  cell's  response  to  environmental  stress. 
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Table  1.  Stock  solutions  and  procedures  for  preparing  two-phase  separation  system. 


Stock  Solutions 

Desired  final  concentrations  (%,  w/w  of  Dextran  and  PEG 
6.0  6.2  6.4  6.8 

1.  22.8%  Dextran3 

2.  22.8%  PEG 

3.  4.64g  NaCl/ 100ml 

4.  Membrane  fraction 

5.  Homogenization  buffer 

2.63g  2.72g  2.81g  2.89g 

2.63g  2.72g  2.81g  2.89g 

Add  0.1ml  (8  mM  NaCl)b 

Add  3ml  and  weighc 

Add  enough  to  bring  to  lOg 

a  Dextran  and  PEG  stock  solutions  are  both  dissolved  in  0.5  M  sorbitol,  50  mM  Tris-HCl, 
pH  7.5. 

bFor  other  concentrations  of  NaCl  see  fig.  3,  5,  and  7. 
c  Microsomes  are  suspended  in  homogenization  buffer. 
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Figure  1.  Flow  chart  depicting  the  steps  involved  in  the  purification  of  plasma  mem¬ 
branes  using  an  aqueous  two-phase  separation.  See  text  for  details. 
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Table  2.  Specific  activities  of  marker  enzymes  in  the  plasma  membrane  and  the  intracel¬ 
lular  membranes  obtained  by  optimal  phase  partitioning  of  microsomal  fractions 
from  microalgae. 


Species 

Fraction 

K+-Mg2+ 
ATPase 
(//mol  PO 4 
mg1  h ') 

Latent 

IDPase 
(//mol  PO 4 
mg1  h  ') 

NADPH  Cyt  c 
reductase 
(//mol  Cyt  c 
mg4  min"1) 

Cytochrome  c 
oxidase 
(//mol  Cyt  c 
mg  1  min1) 

Tetraselmis 

suecica 

Upper 

Phase 

3.05 

0.49 

5.15 

0a 

Lower 

Phase 

0.1 

2.37 

1.30 

0.52 

Chaetoceros 

gracilis 

Upper 

Phase 

1.12 

0 

5.51 

0 

Lower 

Phase 

0.01 

0.02 

0.55 

0.27 

Isochrysis  gal- 
bana 

Upper 

Phase 

11.46 

1.02 

1.38 

0 

Lower 

Phase 

0.24 

2.46 

0.81 

5.13 

aUndetectable. 


Table  3.  Comparison  of  the  total  marker  enzyme  activities  from  the  upper  phase,  lower 
phase,  and  microsomal  membrane  fractions. 


Species 

Fraction 

K+-Mg2+ 

Latent 

NADPH  Cyt 

Cytochrome  c 

ATPase 

IDPase 

c  reductase 

oxidase 

(nmol  min1)  (nmol  min 

')  (//mol  min'1) 

(//mol  min"1) 

Tetraselmis 

Upper  Phaseb 

51 

19 

43 

0a 

suecica 

Lower  Phase 

58 

81 

54 

22 

Microsomal 

115 

105 

120 

30 

Chaetoceros 

Upper  Phase 

15 

0 

76 

0 

gracilis 

Lower  Phase 

3 

6 

22 

11 

Microsomal 

21 

8 

111 

14 

Isochrysis 

Upper  Phase 

158 

31 

21 

0 

galbana 

Lower  Phase 

31 

116 

108 

681 

Microsomal 

210 

153 

137 

700 

a  Undetectable. 

b  Upper  and  lower  phase  fractions  were  obtained  by  optimal  phase  partition  of  the  micro¬ 
somal  fraction. 
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Figure  2.  Effects  of  increasing  polymer  concentrations  on  the  partition  of  different 
membranes  in  a  microsomal  fraction  from  Tetraselmis  suecica.  Markers  used 
were  as  follows:  K+-stimulated,  Mg2+-dependent  Adenosine  triphosphatase  for 
plasma  membranes  (■),  Latent  -  Inosine  diphosphatase  for  Golgi  membranes 
(•),  NADPH  Cytochrome-c  reductase  for  endoplasmic  reticulum  (A),  and 
Cytochrome-c  oxidase  for  mitochondria  (♦).  Apart  from  the  polymers,  the 
phase  systems  contained  0.5  M  sorbitol  and  50  mM  Tris-HCl,  pH  7.5.  Phase 
separation  run  at  2°C,  assays  run  at  25°C. 
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Figure  3.  Effects  of  increasing  polymer  concentrations  on  the  partition  of  different 
membranes  in  a  microsomal  fraction  from  Chaetoceros  gracilis.  Markers  as  in 
Figure  2.  All  other  conditions  as  in  Figure  2. 

100 


mM  NaCI 


Figure  4.  Effects  of  increasing  polymer  concentrations  on  the  partition  of  different 
membranes  in  a  microsomal  fraction  from  lsochrysis  galbana.  Markers  as  in 
Figure  2.  All  other  conditions  as  in  Figure  2. 
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Figure  5.  Effects  of  increasing  NaCl  concentrations  on  the  partition  of  different  mem¬ 
branes  in  a  microsomal  fraction  from  Tetraselmis  suecica.  Markers  as  in  Fig¬ 
ure  2.  All  other  conditions  as  in  Figure  2. 


mM  NaCl 


Figure  6.  Effects  of  increasing  NaCl  concentrations  on  the  partition  of  different  mem¬ 
branes  in  a  microsomal  fraction  from  Chaetoceros  gracilis.  Markers  as  in  Fig¬ 
ure  2.  The  phase  systems  contained  6.5%  Dextran,  6.5%  PEG,  0.5  M  sorbitol, 
50  mM  Tris-HCl,  pH  7.5,  and  0-24  mM  NaCl.  Phase  separation  run  at  2°C, 
assays  run  at  25°C. 
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Figure  7.  Effects  of  increasing  NaCl  concentrations  on  the  partition  of  different  mem¬ 
branes  in  a  microsomal  fraction  from  Isochrysis  galbana.  Markers  as  in  Figure 
2.  The  phase  systems  contained  6.4%  Dextran,  6.4%  PEG,  0.5  M  sorbitol,  50 
mM  Tris-HCl,  pH  7.5,  and  0-32  mM  NaCl.  Phase  separation  run  at  2°C, 
assays  run  at  25°C. 
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ABSTRACT 

Phospholipid  fatty  acid  (PLFA)  and  16S  ribosomal  DNA  polymerase  chain  reaction 
amplification-denaturing  gradient  gel  electrophoresis  (PCR-DGGE)  techniques  were  used 
to  screen  water  samples  collected  from  an  aquatic  wetland  system  currently  undergoing 
restoration  for  microbial  communities  and  identify  predominant  bacterial  populations. 
The  approximately  2,000-acre  “Spunky  Bottoms”  land  tract,  purchased  by  The  Nature 
Conservancy,  is  currently  being  restored  with  The  Wetlands  Initiative  to  conditions 
before  the  area  was  leveed  from  the  Illinois  River  and  drained  for  intensive  agriculture 
(circa  1900).  Representative  water  samples  of  approximately  one  liter  were  aseptically 
collected  and  analyzed  for  microbial  communities  and  bacterial  populations.  Samples 
were  analyzed  by  gas  chromatography/mass  spectrometry  to  determine  PLFA  profiles  for 
each  water  sample.  Comparison  of  PLFA  profiles  of  all  samples  analyzed  indicated  pri¬ 
marily  eukaryotic  organisms,  including  fungi,  protozoa,  and  diatoms.  Biomarkers  for 
Gram-negative  bacteria  were  also  detected  in  all  samples  analyzed  while  low  proportions 
of  biomarkers  for  Gram-positive  bacteria  were  observed.  Biomass  content  (total 
PLF A/sample)  was  approximately  one  fold  higher  in  water  samples  collected  from  two  of 
seven  locations.  Predominant  PCR-DGGE  DNA  fragments  were  selected,  excised, 
sequenced,  and  predominant  microbial  species  were  characterized  based  upon  sequence 
homology  to  previously  identified  sequences  contained  in  the  National  Center  for  Bio¬ 
technology  and  Ribosomal  Data  Project  databases.  Results  identified  diverse  microbial 
communities  including  microorganisms  that  may  substantially  contribute  to  biogeo¬ 
chemical  cycling  of  elements,  including  N  and  P.  Sequence  analysis  of  DNA  fragments 
showed  similarity  indices  of  0.8  to  1.0  to  a-Proteobacteria,  Flavobacterium,  Flexibacter- 
Cytophaga-Bacteroides  group.  Gram-positive  and  Gram-negative  bacteria,  Cyanobacteria 
and  Chloroplasts.  Determination  of  predominant  microbial  communities  and  populations 
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may  be  used  to  provide  a  basis  of  comparison  for  future  research  and  evaluate  potential 
contributions  to  biogeochemical  elemental  cycling. 


INTRODUCTION 

Natural  aquatic  wetlands  protect  water  quality  by  serving  as  a  buffer  system  to  slow 
water  runoff  from  storm  events  and  allow  infiltration  into  soils,  percolation  into  soil- 
groundwater  systems,  and  allow  time  for  water  purification  through  natural  physical, 
chemical,  and  biological  processes  (Hey  and  Philippi,  1999;  Hammer,  1997;  Kadlec  and 
Knight,  1996;  National  Research  Council,  1995;  Whigham,  et  al.  1993).  Wetland  restora¬ 
tion  has  been  proposed  as  a  means  of  reducing  nitrogen  (N)  transport  to  coastal  waters 
(Fleischer  and  Stibe,  1991).  Both  point  and  non-point  sources  of  potential  wetland  water 
pollution  exist  due  to  location  of  adjacent  residential  and  agricultural  land  use  (USEPA, 
1995;  IEPA,  1994,  1995). 

The  approximately  2,000-acre  Spunky  Bottoms  wetland  site  in  Southern  Illinois  is  owned 
by  The  Nature  Conservancy  and  is  currently  undergoing  restoration  to  more  natural  con¬ 
ditions  which  existed  prior  to  leveeing  and  agricultural  use  (circa  1900).  These  efforts  are 
in  cooperation  with  The  Wetlands  Initiative  (TWI),  funded  by  a  grant  from  The  National 
Fish  and  Wildlife  Foundation  (NFWF).  Restoration  goals  include  increasing  the  water 
level  and  planting  native  grasses  and  other  wetland  flora  to  provide  habitats  for  aquatic 
organisms.  Water  flow  through  Spunky  Bottoms  wetland  is  primarily  from  northwest  to 
southeast,  entering  the  wetland  through  runoff  from  the  upland  topography  to  the  west. 
Water  then  flows  from  the  wetland  through  drainage  ditches  (North  market,  main  road, 
and  south  Cox)  to  the  pumphouse.  Previously,  excess  water  collected  was  pumped  over 
the  levy  into  the  Illinois  River  to  facilitate  agricultural  land  use  (Figure  1).  This  approach 
continues  to  be  used  to  control  water  levels  in  the  wetland  during  restoration  efforts. 

New  biochemical  and  molecular  biology  techniques  have  been  developed  which  identify 
microbial  organisms  in  aquatic  systems.  Phospholipid  fatty  acid  (PLFA)  analysis  is  a 
technique  by  which  fatty  acids  are  extracted  from  microorganisms,  characterized,  and 
ratios  compared  to  known  ratios  of  fatty  acids  present  in  cell  membranes  and  other 
microbial  structures  (Stephen  et  al.,  1999a,b).  Databases  of  phospholipid  fatty  acid  pro¬ 
files  have  been  generated  for  a  variety  of  microorganisms  to  facilitate  their  identification. 
PLFA  analysis  has  been  used  to  examine  microbial  communities  and  populations  and 
their  changes  for  a  variety  of  marine,  aquatic,  and  terrestrial  systems.  Additionally, 
polymerase  chain  reaction  amplification-denaturing  gradient  gel  electrophoresis  (PCR- 
DGGE)  analysis  has  been  used  to  isolate  microbial  DNA  and  thereby  identify  predomi¬ 
nant  microbial  populations  in  a  variety  of  systems.  The  PCR  is  a  technique  used  to  geo¬ 
metrically  increase  concentrations  of  specific  DNA  fragments  to  provide  enough  genetic 
material  for  identification  by  techniques  such  as  gel  electrophoresis.  Denaturing  gradient 
gel  electrophoresis  separates  and  distinguishes  DNA  fragments  by  establishing  a  dena¬ 
turing  gradient  that  separates  DNA  into  discrete  bands  that  can  then  be  excised  and 
sequenced  for  identification.  A  variety  of  efforts,  including  those  using  molecular  biology 
techniques,  have  been  used  to  illustrate  the  diversity  of  microorganisms  in  marine 
(Crump,  et  al.,  1999,  1996;  Gonzalez  and  Moran,  1997;  Zwart,  et  al.,  1998a, b),  estuarine 
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(Crump,  et  al.  ,  1999;  1996),  and  aquatic  (Methe,  et  al.  1998;  Hiorns,  et  al.,  1997)  envi¬ 
ronments.  Efforts  have  also  been  made  to  compare  marine  and  freshwater  bacterial  com¬ 
munities  (Mullins,  et  al.,  1995).  The  work  of  Duncan  and  Groffman  (1994)  used  bio¬ 
chemical  techniques  to  compare  microbial  parameters  in  natural  and  constructed  wet¬ 
lands.  Their  investigation  focused  on  determination  of  microbial  biomass,  soil  respira¬ 
tion,  denitrification  enzyme  activity,  and  potential  net  nitrogen  mineralization  rather  than 
identification  of  potential  contributors  to  restoration  microbial  populations  and  commu¬ 
nities.  Limited  data  on  wetland  microbial  communities,  populations  and  their  potential  to 
contribute  to  biogeochemical  cycling  of  elements  is  available. 


The  focus  of  this  investigation  is  the  biochemical  and  molecular  profiling  of  wetland 
communities  with  the  identification  of  organisms  that  potentially  contribute  to  wetland 
recovery  and  restoration.  Water  samples  were  collected  from  Spunky  Bottoms  wetland 
and  analyzed  using  PLFA  and  PCR-DGGE  techniques.  This  provided  information  con¬ 
cerning  predominant  microbial  communities,  populations  and  in  some  cases,  genera 
identification.  The  data  generated  by  this  study  may  be  used  as  a  basis  for  comparison  of 
studies  and  potentially,  to  evaluate  the  role(s)  of  certain  microorganisms  in  biogeochemi¬ 
cal  cycling  of  N,  P,  and  other  elements  in  the  wetland. 

MATERIALS  AND  METHODS 

Seven  sites  within  and  adjacent  to  the  wetland  were  identified  by  The  Wetlands  Initiative 
(TWI)  as  representative  of  geographical  distribution  of  surface  water  flow  throughout  the 
area.  Water  samples  of  approximately  1.0-L  were  collected  aseptically  from  four  sites 
(North  Cox,  South  Market,  Main  Road  and  Pump  House)  on  July  13,  2000  and  shipped 
overnight  in  insulated  coolers  for  analysis.  Water  samples  were  collected  from  three 
additional  sites  (Middle  Creek,  Snyder’s  Landing,  and  the  Illinois  River)  and  one  dupli¬ 
cate  site  (Pump  House)  on  November  13,  2000  and  also  shipped  overnight  for  analysis. 


Phospholipid  Fatty  Acid  (PLFA)  Analyses 

Lipids  were  recovered  using  the  modified  Bligh  and  Dyer  method  (White,  et  al.,  1997). 
Lipid  extractions  were  performed  using  one-phase  chloroform-methanol-buffer  extrac¬ 
tant.  Lipids  were  recovered,  dissolved  in  chloroform,  and  fractionated  on  disposable  sil¬ 
icic  acid  columns  into  neutral-,  glyco-,  and  polar-lipid  fractions.  The  polar  lipid  fraction 
was  transesterified  with  mild  alkali  to  recover  the  PLFA  as  methyl  esters  in  hexane. 
PLFA  were  analyzed  by  gas  chromatography  with  peak  confirmation  performed  by  elec¬ 
tron  impact  mass  spectrometry  (GC/MS).  PLFA  nomenclature  follows  the  pattern  of 
A:B(uC.  The  “A”  position  identifies  the  total  number  of  carbon  atoms  in  the  fatty  acid. 
Position  B  is  the  number  of  double  bonds  from  the  aliphatic  (to)  end  of  the  molecule. 
Position  “C”  designates  the  carbon  atom  from  the  aliphatic  end  before  the  double  bond. 
This  is  followed  by  a  “c”  for  cis  or  a  “t”  for  trans  configuration.  The  prefix  “i”  and  “a” 
stand  for  iso  and  anteiso  branching.  Midchain  branching  is  noted  by  “me”,  and 
cyclopropyl  fatty  acids  are  designated  as  “cy”  (White,  et  al.,  1997).  Example:  18:1  co7c  is 
18  carbons  long  with  one  double  bond  occurring  at  the  7th  carbon  atom  from  the  oo  end, 
and  the  hydrogen  molecules  attached  to  the  doubly  bonded  carbon  molecules  are  in  the 
cis  conformation  (Table  3). 
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Polymerase  Chain  Reaction  Denaturing  Gradient  Gel  Electrophoresis  (PCR- 
DGGE)  Analyses 

Nucleic  acid  extraction  was  performed  using  a  bead-beating  system  (Stephen,  et  al., 
1999a,b)  to  disrupt  cell  structure.  Sodium  phosphate  buffer,  chaotropic  reagent,  glass 
beads,  and  the  sample  were  agitated  in  a  microcentrifuge  tube  using  a  high  speed  bead 
beater.  Chloroform  was  added,  mixed  thoroughly,  and  the  tube  was  recentrifuged.  The 
aqueous  supernatant  was  collected  and  phenol/cholroform/isoamyl  alcohol  (24:24:1) 
extracted.  Glycogen  was  added  and  the  DNA  was  precipitated  from  the  aqueous  phase 
with  an  equal  volume  of  isopropanol.  DNA  was  pelleted  by  centrifugation,  washed  with 
80%  ethanol,  air-dried,  and  re-dissolved  in  Tris  buffer,  pH  8.0.  The  DNA  was  purified  by 
a  glass-milk  DNA  purification  protocol  using  a  Gene  Clean™  kit  as  described  by  the 
manufacturer.  PCR  amplification  of  16S  rDNA  gene  fragments  was  performed  as 
described  in  Muyzer  et  al.  (1993)  with  modifications  as  described.  Thermocycling  con¬ 
sisted  of  35  cycles  of  92  C  for  45  sec,  55  C  for  30  sec,  and  68  C  for  45  sec,  using  1.25 
units  of  Expand  High  Fidelity  polymerase  and  10  pmole  each  primer  (forward  and 
reverse,  with  the  forward  primer  containing  a  40  bp  GC-clamp)  in  a  total  volume  of  25 
pL.  Thermocycling  was  performed  using  a  “Robocycler™”  PCR  block.  The  primers  tar¬ 
geted  DNA  encoding  eubacterial  16S  rRNA  regions  corresponding  to  E.  coli  positions 
341-534.  A  portion  (20%)  of  each  PCR  reaction  product  was  analyzed  by  agarose  gel 
electrophoresis  (1.5%  agarose,  lx  TAE  buffer)  and  ethidium  bromide  fluorescence.  The 
amount  of  DNA  used  for  DGGE  was  standardized  to  600  ng  by  comparison  to  molecular 
weight  standards  using  Alpha  Imager™  software.  DGGE  employed  a  D-Code  16/16  cm 
gel  system  maintained  at  a  constant  temperature  of  60  C  in  6L  of  0.5  x  TAE  buffer 
(20mM  Tris  actate,  0.5mM  EDTA,  pH  8.0).  Denaturing  gradients  were  formed  between 
30  -  65  %  denaturant  (with  100%  denaturant  defined  as  7  M  urea,  40%  v/v  formamide). 
Gels  were  electrophoresed  at  35V  for  16  hr.  Gels  were  stained  with  ethidium  bromide 
(0.5  mg/L)  and  destained  twice  in  0.5  x  TAE  for  15  min.  each.  Gel  images  were  captured 
using  an  Alpha  Imager™  system  .  The  central  1-mm  portion  of  strong  DGGE  bands  were 
excised  using  a  razor  blade  and  soaked  in  50- pL  of  purified  water  overnight.  A  portion 
(15-pL)  was  used  as  the  template  in  a  PCR  sequencing  reaction  under  conditions  as 
described  above.  Sequence  reaction  products  were  purified  by  electrophoresis  through  a 
1.2%  agarose/TAE  gel  followed  by  glassmilk  extraction  (Gene-Clean™  kit).  Purified 
DNA  was  sequenced  with  an  ABI-Prism  automatic  sequencer  model  377  with  dye  termi¬ 
nators.  Sequence  comparison  and  identifications  were  performed  using  the  BLASTN 
facility  of  the  National  Center  for  Biotechnology  Information  (http://ncbi.nlm.nih. 
gov/Blast)  and  the  “Sequence  Match”  facility  of  the  Ribosomal  Database  Project 
(http://www.cme.msu.edu/RDP/analyses.html). 

RESULTS  AND  DISCUSSION 


PLFA  Analyses 

Results  of  the  first  set  of  analyses  (July  2000)  indicated  that  biomass  content  was  highest 
in  the  Main  Road  Ditch  sample  (1368  pmole/mL),  with  the  second  highest  biomass 
observed  in  the  Snyder  Landing  sample  (254  pmole/mL)  (Figure  2a, b  and  Table  land  2). 
Results  of  the  first  set  of  analyses  (July,  2000)  also  indicated  that  the  relative  proportion 
of  Gram-negative  biomarkers  was  lowest  in  the  Main  Road  Ditch  sample  and  highest  in 
the  North  Market  Ditch  sample  (Table  1  and  2).  Biomarkers  for  Gram-negative  bacteria 
were  detected  in  all  seven  samples,  confirming  previous  results  of  indicator  bacteria 
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analyses  generated  from  these  sites  (Kelley  and  Huddleston,  2001).  Low  proportions  of 
biomarkers  prominent  in  Gram-positive  bacteria  were  detected  in  all  seven  samples. 
Results  of  the  second  set  of  analyses  (November,  2000)  indicated  that  biomass  content 
was  lowest  in  the  Middle  Creek  sample  and  highest  in  the  Snyder’s  landing  sample 
(Table  1  and  2).  Ratios  of  cyclopropyl  to  cis  fatty  acids  (cy/o)7c)  show  whether  Gram¬ 
negative  communities  in  these  samples  are  in  log  phase  of  growth  or  not.  Very  fast  turn¬ 
over  rates  have  ratios  that  are  high.  Results  of  the  second  set  of  analyses  (November, 
2000)  indicated  that  the  turnover  rate  of  the  Gram-negative  community  was  fastest  in  the 
Middle  Creek  sample  (Table  3). 

Phospholipid  fatty  acids  (PLFA)  found  within  the  membranes  of  all  living  cells  decom¬ 
pose  quickly  upon  cell  death.  Structural  groups  are  defined  according  to  PLFA  molecular 
structure  as  related  to  fatty  acid  biosynthesis.  Normal  saturate  fatty  acids  are  ubiquitous 
while  terminally  branched  saturates  (TerBrSats)  are  attributed  to  Gram-positive  bacteria 
and  some  anaerobic  Gram-negatives.  Branched  monoenoic  are  found  in  anaerobic  metal 
reducing  bacteria  and  mid  chain  branched  are  common  in  metal  reducers  and  aerobic 
Actinomycetes.  Monoenoic  are  in  Gram-negative  bacteria  and  polyenoics  are  found  in 
eukaryotic  organisms  (White  et  al.,  1997).  Bacterial  biomass  is  calculated  based  upon 
PLFA  attributed  specifically  to  prokaryotes  whereas  eukaryotic  biomass  is  based  on 
PLFA  associated  with  higher  organisms.  PLFA  profile  comparisons  indicated  that  all 
water  samples  analyzed  contained  larger  quantities  of  eukaryotic  organisms  (Figure  2a, b 
and  Table  2)  compare  to  prokaryotic.  In  particular,  eukaryotic  biomarkers  found  in  fungi 
(18:2oo6),  protozoa  (20:4oo6)  and  diatoms  (20:5cu3)  were  detected  in  all  seven  samples 
(Table  2). 

PCR-DGGE  Analyses 

DNA  profiles  revealed  diverse  bacterial  communities,  of  which  the  most  prominent 
members  were  excised  and  sequenced.  Gel  images  are  shown  in  Fig.  4a,b.  DNA  profiles 
showed  very  diverse  bacterial  banding  patterns  that  were  similar  for  each  of  the  seven 
sampling  locations.  Banding  patterns  and  relative  intensities  of  the  recovered  bands  pro¬ 
vide  a  measure  of  change  in  the  community.  Species  must  constitute  at  least  1-2%  of  the 
total  bacterial  community  to  form  a  visible  band  after  PCR  amplification.  Dominant 
bands  (labeled  A-G  and  A-J)  were  excised,  sequenced,  and  identified  (Figure  4a, b).  Iden¬ 
tifications  were  based  upon  the  DNA  sequence  similarity  to  known  sequence  found  in  the 
Ribosomal  Database  Project  (RDP)  database.  Similarity  indices  above  0.800  are  consid¬ 
ered  excellent,  0.600-0.700  are  good  and  below  0.500  are  considered  to  be  unique 
sequences.  Note  that  identification  (even  phylogenetic  affiliation  )  of  bands  C,  D,  and  F 
(Table  4a.,  7/00);  and  D  and  J  (Table  4b.,  11/00)  failed  due  to  inadequate  sequence 
information  and  that  many  of  the  bands  generated  on  7/00  (Table  4a.)  remained  unclassi¬ 
fied  based  upon  their  comparison  to  the  RDP.  Further  characterization  of  the  these 
sequences  through  blast  search  comparison  to  the  National  Center  for  Biotechnology  data 
base  revealed  more  information  for  some  of  the  unclassified  bands  (data  not  shown). 
Clone  CR-FL20  was  characterized  as  alpha-proteobacterium  species.  Clones  CR-FL14, 
CR-FL-FL3,  CRE-FL13  and  LCK-79  were  most  similar  to  Actinomycete  species. 
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CONCLUSIONS 

Results  generated  from  PLFA  and  PCR-DGGE  analyses  of  wetland  water  samples  indi¬ 
cate  diverse  microbial  communities  including  fungi,  algae,  protozoa,  diatoms,  and  bacte¬ 
ria;  similar  to  previous  research  generated  on  aquatic  microbial  communities.  Biomarkers 
for  Gram-negative  bacteria  were  more  abundant  than  Gram-positive  bacteria,  in  accor¬ 
dance  with  previous  research  on  this  wetland  to  determine  indicator  bacteria  concentra¬ 
tions  (Kelley  and  Huddleston,  2001).  Predominant  microorganisms  identified  by  PCR- 
DGGE  include  Flavobacterium  spp.,  alpha-proteobacteria,  Actinomycete  spp.,  Pro- 
chloroccus  spp.  as  well  as  several  unclassified  clones.  These  organisms  may  contribute 
significantly  to  biogeochemical  cycling  of  elements  such  as  N,  P,  and  C.  Alpha-pro- 
teobacterium  contain  organisms  including  the  Purple  Nonsulfur  Bacteria,  the  Rhizo- 
biaceae  Family  which  contains  the  genera  Rhizobium,  Agrobacterium  and  nitrifying 
bacteria  Bradyrhizobiaceae  -  Nitrobacter  and  Nitrococcus.  Purple  Nonsulfur  Bacteria  are 
capable  of  anoxygenic  photosynthesis  utilizing  a  variety  of  energy  sources  for  metabo¬ 
lism  making  then  photoorganoheterotrophs.  Additionally,  Bradyrhizpbiaceae  (Nitrobac¬ 
ter,  Nitrococcus  and  Nitrosospira)  organisms  contribute  significantly  to  nitrogen  geo¬ 
recycling,  making  nitrate  readily  available  for  use  by  plants  but  also  easily  leached  from 
the  soil  or  denitrified  to  nitrogen  gas.  Other  flora  characterized  here  ( Prochlorococcus , 
Actinmycetes  and  Flavobacterium  spp.  including  Cytophaga-Bacteroides  group)  contrib¬ 
ute  to  the  marine  environment,  generating  nutrients  via  photosynthesis  or  organotrophic 
mechanisms  common  in  many  marine  and  soil  related  organisms  (Madigan,  et  al.,  2000). 
It  is  difficult  to  compare  results  generated  from  this  study  to  other  studies,  since  no  stud¬ 
ies  were  found  that  utilized  similar  techniques  to  characterize  microbial  populations  and 
communities  in  wetlands.  Duncan  and  Groffman  (1994),  compared  wetland  microbial 
biomass  (determined  using  a  chloroform  fumigation-incubation  method),  concluded  that 
biomass  was  highly  variable  among  samples  collected  from  several  diverse  sites.  Previ¬ 
ous  research  has  been  conducted  characterizing  microbial  populations  and  communities 
in  marine,  estuarine,  rivers,  and  freshwater  lakes  (Mullins,  et  al.,  1995;  Crump  and 
Baross,  1996;  Crump  and  Berner,  1996;  Hiorns,  et  al.,  1997;  Methe,  et  al.,  1998;  Zwart, 
et  al.,  1998a,b;  and  Crump,  et  al.,  1999),  and  some  common  microbes  were  identified 
here.  However,  this  conclusion  would  not  benefit  from  a  further  comparison  of  aquatic 
wetlands  to  such  diverse  marine  and  aquatic  systems  due  to  the  current  lack  of  compre¬ 
hensive  consistent  data  to  provide  a  reliable  basis  for  such  comparisons.  Therefore,  this 
study  provides  basic  information  for  comparison  of  results  for  future  studies  by  our  team 
and/or  other  researchers.  Further  research  may  focus  on  development  and  use  of  DNA 
spot  assays  to  identify  specific  bacteria  in  wetland  water  samples  known  to  contribute 
significantly  to  N,  P,  and  C  elemental  cycling. 
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Figure  1: 


Map  of  wetlands  area  and  sample  locations  (well  nest  and  core  locations  as  of 
12/31/98). 


Well  Nest  ami  Core  Locations,  Spunky  Bottom,  as  of  12/31/98 
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Figure  2a,  b.  Results  of  phospholipids  fatty  acid  (PLFA)  sample  analyses  (relative 
biomass  of  eukaryotes  and  bacteria). 
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Figure  3a,  b.  Results  of  phospholipids  fatty  acid  (PLFA)  sample  analyses  (relative  per¬ 
centages  of  eukaryotes  and  bacterial  groups). 
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Figure  4a,  b. 


Predominant  bands  generated  from  PCR/DGGE  analyses  selected  for 
identification. 
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ABSTRACT 

Bot  fly  ( Cuterebra  sp.)  data  were  collected  from  white-footed  mice  (. Peromyscus  leuco¬ 
pus)  trapped  in  bottomland  forests  of  southern  Illinois  in  1998  and  1999.  Of  1297  white¬ 
footed  mice  examined,  125  individuals  (9.6  %)  were  parasitized  by  1  or  more  bot  fly  lar¬ 
vae.  Parasitism  occurred  exclusively  in  the  scrotal  region,  with  most  individuals  (93.6  %) 
containing  one  larvae.  The  rate  of  parasitism  in  adult  mice  1998  (11.6  %)  was  signifi¬ 
cantly  higher  than  the  rate  of  parasitism  over  the  same  months  in  1999  (5.6  %;  X2  =  3.85 
d.f.  =  1,  P  =  0.05).  Parasitism  rates  were  higher  in  adult  males  than  females  in  1998  (X2  = 
4.7,  d.f.  =  1,  P  =  0.031)  and  no  difference  was  detected  in  1999  (X2  =  0.45,  d.f.  =  1,  P  = 
0.502).  This  is  the  first  study  to  document  parasitism  rates  in  bottomland  forests  of  south¬ 
ern  Illinois. 


INTRODUCTION 

White-footed  mice  ( Peromyscus  leucopus),  lagomorphs,  and  other  rodent  species  are 
natural  hosts  for  bot  fly  larvae  ( Cuterebra  spp.;  Timm  and  Cook,  1979;  Sabrosky,  1986). 
The  genus  Cuterebra  is  only  found  in  the  New  World  and  consists  of  72  species  (Catts, 
1982).  Incidents  of  this  genus  infecting  dogs,  cats,  cattle,  sheep,  deer,  and  humans  have 
been  reported,  however,  they  are  rare  (Sabrosky,  1986).  Reported  effects  of  bot  fly  larvae 
on  infected  rodents  include  increased  risk  of  predation,  reduced  testes  development  in 
male  subadults,  and  tissue  damage  (Payne  and  Cosgrove,  1966;  Getz,  1970;  Timm  and 
Cook,  1979).  Some  studies  have  reported  a  correlation  between  high  bot  fly  infestation 
rates  one  year  and  low  population  sizes  the  next  year  (Wilson,  1945;  Wecker,  1962), 
while  other  studies  have  reported  finding  few  to  no  adverse  effects  on  small  mammals 
parasitized  by  bot  fly  larvae  (Clough,  1965). 

Infestation  occurs  when  the  host  comes  into  physical  contact  with  bot  fly  eggs,  which  are 
often  laid  in  vegetation  near  small  mammal  burrows  (Beamer,  1950;  Catts,  1967;  Catts, 
1982).  Eggs  adhere  to  the  host  and  rapidly  hatch  into  larvae  after  being  cued  by  body 
temperature  (Xia  and  Millar,  1990).  Hatched  larvae  enter  the  host  through  the  nose,  eyes, 
mouth,  or  wounds  and  migrate  through  the  body,  often  settling  in  the  groin  region 
(Wecker,  1962;  Miller  and  Getz,  1969;  Catts,  1982;  Xia  and  Millar,  1990;  Wolf  and 
Batzli,  2001).  Because  infestation  occurs  through  physical  contact  with  eggs,  individuals 
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that  are  more  mobile  and  transverse  across  large  geographic  areas  should  be  more  likely 
to  come  into  contact  with  eggs  (Timm  and  Cook,  1979;  Xia  and  Millar,  1990).  Male 
white-footed  mice  have  been  documented  to  travel  more  extensively  then  females, 
prompting  the  hypothesis  that  males  would  be  more  heavily  infested  than  females. 

MATERIALS  AND  METHODS 

Small  mammals  were  trapped  in  the  6  southwestern-most  counties  of  Illinois  (Alexander, 
Johnson,  Massac,  Pope,  Pulaski,  and  Union).  Sixty  study  sites,  located  in  deciduous  bot¬ 
tomland  forest  patches  with  similar  microhabitat  composition  were  sampled  (see  Barko, 
2000).  Sites  were  trapped  between  May  1998  -  January  1999  and  April  -  August  1999 
using  Sherman  live  traps  (8  by  9  by  23.5  cm;  H.B.  Sherman  Co.,  Florida).  A  linear  tran¬ 
sect  was  established  at  each  site  and  was  comprised  of  50  trap  stations.  Two  traps  were 
set  at  each  station  (100  traps  per  site),  with  stations  10  m  apart.  Traps  were  baited  with 
sunflower  seeds  and  cracked  com,  operated  for  3  consecutive  days  (300  trap  nights  per 
site),  and  checked  daily  between  0600  and  1100  hours.  Sites  were  only  trapped  once; 
hence,  different  sites  were  trapped  in  1998  and  1999.  Thirty-six  sites  were  sampled  in 
1998  and  24  sites  were  sampled  in  1999.  Peromyscus  sp.  were  toe-clipped  for  individual 
identification  and  age,  sex,  and  number  of  bot  fly  larvae  were  recorded.  All  animals  were 
released  at  the  point  of  capture. 

Chi-square  analyses  were  used  to  test  for  differences  in  the  rate  of  parasitism  (P  <  0.05) 
between  the  years,  months,  and  sexes  (Steel  and  Torrie,  1980;  Sokal  and  Rohlf,  1995). 
Only  months  sampled  both  years  (May,  June,  and  July)  were  used  in  the  analysis  to  com¬ 
pare  infestation  rates  between  the  years.  Because  infestation  rates  were  low  at  the  study 
site  level,  no  analyses  were  performed  to  test  for  differences  between  sites.  The  expected 
number  of  infected  individuals  for  each  sex  was  calculated  by  multiplying  the  observed 
sex  ratio  by  the  number  of  infected  individuals  captured.  The  expected  number  of 
infected  individuals  for  each  year  was  calculated  by  determining  the  percent  of  the  total 
number  of  mice  captured  during  May,  June,  and  July  in  1998  and  1999.  This  percent  was 
then  multiplied  by  the  number  of  infected  mice  captured  over  these  months. 

RESULTS 

During  18,000  trap  nights,  1307  individual  white-footed  mice  were  examined  and  toe- 
clipped.  Because  of  missing  data,  only  1297  individuals  were  included  in  the  analyses 
(1998:  n  =  1085  and  1999:  n  =  212).  Over  86  %  percent  of  the  sites  sampled  in  1998 
contained  one  or  more  infected  Peromyscus  sp.  compared  to  25  %  of  the  sites  sampled  in 
1999.  One  hundred  and  twenty-five  individuals  were  parasitized  by  bot  fly  larvae  (1998: 
n  =  1 16  and  1999:  n  =  9),  comprising  9.6  %  of  all  mice  captured.  Only  8  of  the  125  para¬ 
sitized  mice  (6.4  %)  had  more  than  1  bot  fly  larvae  and  all  larvae  were  located  in  the 
groin  region.  Adults  comprised  97.6  %  of  all  parasitized  individuals  (n  =  122).  The  rate 
of  adult  parasitism  (1 1.6  %)  in  1998,  during  May,  June,  and  July,  was  significantly  higher 
than  the  rate  of  adult  parasitism  during  the  same  months  in  1999  (5.6  %;  X2  =  3.85  d.f.  = 
1,  P  =  0.05).  The  expected  number  of  infected  adult  mice  during  these  months  was  62 
individuals  in  1998  (observed  69)  and  26  individuals  in  1999  (observed  9).  In  1998,  the 
sex  ratio  was  51  %  males  and  49  %  females.  Of  the  113  infested  adult  mice  captured,  we 
expected  59  mice  to  be  male  (observed  69)  and  57  mice  to  be  female  (observed  44).  Para- 
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sitism  rates  were  higher  in  males  than  females  in  1998  (X2  =  4.7  d.f.  =  1,  P  =  0.031). 
However,  no  significant  differences  between  the  sexes  were  detected  within  sample 
months  (Table  1).  In  1999,  the  sex  ratio  was  53  %  male  and  46  %  female.  Of  the  9 
infected  adult  mice  captures,  we  expected  5  to  be  male  (observed  4)  and  4  to  be  female 
(observed  5).  No  differences  in  parasitism  rates  between  male  and  female  adult  mice 
were  found  in  1999  (X2  =  0.45,  d.f.  =  1,  P  =  0.502)  so  monthly  comparisons  were  not 
made.  The  highest  rates  of  parasitism  were  in  October  (1998),  November  (1998)  and  July 
(1999;  Fig.  1). 


DISCUSSION 

Previous  studies  conducted  on  bot  fly  parasitism  of  white-footed  mice  have  reported 
infestation  rates  ranging  from  0.3  -  73  %  (Brown,  1965;  Miller  and  Getz,  1969;  Timm 
and  Cook,  1979).  The  percent  of  mice  parasitized  in  southern  Illinois  (1 1.6  %  in  1998  and 
5.6  %  in  1999)  was  comparatively  low.  The  reduction  in  the  number  of  parasitized  mice 
could  have  been  the  result  of  differences  in  Peromyscus  sp.  abundance,  environmental 
factors,  or  differences  in  bot  fly  larval  density.  There  was  a  reduction  in  trap  success  in 
1999  (2.94  %)  when  compared  to  1998  (10.05  %)  that  could  have  been  the  result  of  the 
higher  infestation  levels  in  1998.  After  standardizing  total  abundance  by  trap  effort,  it  is 
evident  that  more  mice  were  captured  in  June  and  July  in  1998  when  compared  to  the 
same  months  in  1999  (Fig.  2).  Wilson  (1945)  and  Wecker  (1962)  both  reported  a  correla¬ 
tion  between  high  bot  fly  infestation  rates  one  year  and  low  host  population  sizes  the  next 
year.  An  alternative  explanation  is  the  influence  of  environmental  factors,  such  as  a  poor 
mast  crop  or  better  sites  in  1998.  Although  mast  production  was  not  measured  in  our 
study,  Ostfeld  et  al.  (1996)  and  Wolff  (1996)  reported  annual  fluctuations  in  the  abun¬ 
dance  of  white-footed  mice  with  annual  fluctuations  in  acorn  production.  These  studies 
suggest  that  a  large  acorn  crop  in  fall  correlates  with  high  mouse  abundance  the  following 
summer,  while  a  small  crop  correlates  with  low  mouse  abundance.  Schmid  (1998)  also 
reported  finding  a  decrease  in  white-footed  mouse  abundance  during  the  second  year  of 
her  study  (1997)  in  upland  forests  of  southern  Illinois.  The  density  of  bot  fly  larvae  could 
also  affect  parasitism  rates.  For  example,  if  fewer  bot  fly  larvae  were  present  within  the 
study  sites,  one  would  expect  fewer  mice  to  become  parasitized.  The  same  is  true  if  fewer 
mice  existed  in  the  population  in  1999  (as  suggested  above).  Dalmat  (1943)  found  bot  fly 
larvae  were  highly  localized,  suggesting  densities  can  differ  among  sites  within  the  same 
year.  Because  different  sites  were  sampled  each  year,  I  am  unsure  how  “patchy”  bot  fly 
larvae  distribution  is  in  southern  Illinois. 

I  found  a  significant  difference  in  parasitism  rates  between  the  sexes  in  1998,  but  no  dif¬ 
ference  was  detected  in  1999.  Previous  studies  on  differences  in  bot  fly  parasitism 
between  male  and  female  white-footed  mice  have  produced  conflicting  results.  Some 
studies  have  found  no  significant  differences  in  the  rate  of  parasitism  between  the  sexes 
(Wecker,  1962;  Hunter  et  al.,  1972)  while  others  have  reported  differences  in  rates  of 
parasitism  (Sealander,  1961;  Goertz,  1966;  Xia  and  Millar,  1990).  The  difference 
detected  in  1998  may  have  been  a  chance  event.  Timm  and  Cook  (1979)  found  evidence 
to  suggest  that  bot  fly  larvae  do  not  seek  out  a  particular  sex  of  host,  but  instead  attach 
itself  to  the  first  mouse  encountered.  This  would  support  the  hypothesis  that  male  mice 
have  a  higher  rate  of  infestation  because  male  white-footed  mice  travel  more  extensively 
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than  females,  providing  a  greater  opportunity  for  contact  with  bot  fly  eggs  (Stickle, 
1968).  The  lack  of  difference  between  the  sexes  in  1999  was  likely  the  result  of  a  small 
sample  size  in  1999  (n  =  9).  However,  it  could  have  also  been  the  result  of  temporal  or 
spatial  effects  not  addressed  in  this  study. 

Because  this  is  the  first  study  to  report  rates  of  bot  fly  parasitism  of  Peromyscus  sp.  in 
bottomland  forests  of  southern  Illinois,  it  can  serve  as  a  baseline  for  future  studies.  In 
addition,  because  both  this  study  and  Schmid  (1998)  found  annual  fluctuations  in  white¬ 
footed  mouse  abundance  in  two  distinct  habitat  types,  additional  research  is  necessary  to 
better  understand  if  bot  fly  parasitism,  or  other  environmental  factors  contribute  to  the 
annual  fluctuations  observed  in  white-footed  mouse  abundance. 
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Table  1.  Results  of  Chi-square  analyses  calculated  by  comparing  monthly  bot  fly  para¬ 
sitism  rates  between  the  sexes  (M  =  male  and  F  =  female).  Observed  (obs.)  and 
expected  (exp.)  values  were  calculated  based  on  male:female  sex  ratios. 


Month 

%M 

%  F 

exp.  M 

exp.  F 

obs.  M 

obs  F 

X2 

P 

May-98 

56.5 

43.5 

0.0 

0.0 

0.0 

0.0 

* 

June-98 

50.0 

50.0 

8.5 

8.5 

11.0 

6.0 

1.47 

0.23 

July-98 

52.3 

47.7 

27.7 

23.5 

30.0 

23.0 

0.40 

0.53 

Aug-98 

61.0 

39.0 

6.0 

4.0 

6.0 

4.0 

* 

Sept-98 

62.0 

38.0 

2.5 

1.5 

4.0 

0.0 

2.40 

0.12 

Oct-98 

61.0 

39.0 

9.8 

6.2 

12.0 

4.0 

1.29 

0.26 

Nov-98 

28.0 

72.0 

2.0 

5.0 

3.0 

4.0 

0.70 

0.40 

Dec-98 

36.0 

64.0 

2.2 

3.8 

3.0 

3.0 

0.46 

0.50 

Abundance 
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Figure  1.  Total  abundance  and  number  of  white-footed  mice  parasitized  by  bot  fly  larvae 
in  bottomland  forests  of  southern  Illinois  in  1998  and  1999.  No  sampling  was 
conducted  from  February-March  1999.  Total  abundance  values  were  standard¬ 
ized  by  monthly  trap  effort  (per  100  trap  nights)  and  are  presented  under  the 
total  abundance  (N)  in  parentheses. 
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ABSTRACT 

From  May  through  July  2001,  and  June  through  August  2002  we  surveyed  232  bridges  in 
9  southern  Illinois  counties  for  the  presence  of  roosting  bats.  Fifteen  bridges  (6.5%)  had 
bats  roosting  at  the  time  they  were  surveyed.  We  encountered  big  brown  bats  ( Eptesicus 
fuscus )  most  frequently.  Eastern  pipestrelles  ( Pipestrellus  subflavus),  little  brown  bats 
( Myotis  lucifugus),  and  northern  long-eared  bats  (M.  septentrionalis )  also  were  found 
roosting  under  bridges.  The  number  of  bats  per  bridge  ranged  from  1  to  >100.  Bats 
occurred  in  four  of  the  five  types  of  bridge  designs  surveyed.  Of  the  15  bridges  with  bats, 
1 1  were  rechecked  at  a  later  date  to  determine  continuity  of  use.  Seven  of  the  1 1  (63.6%) 
were  being  used  by  bats  when  rechecked.  From  this,  we  derived  an  estimated  usage  rate 
of  23.6  bridges  (15/0.636)  during  the  study,  or  about  10%  of  the  232  bridges  surveyed. 
We  could  not  determine  relationships  between  bat  presence  and  habitat  features  around 
bridges. 

Key  words:  big  brown  bat,  bridges,  eastern  pipistrelle,  Eptesicus  fuscus,  little  brown  bat, 
Myotis  lucifugus,  Myotis  septentrionalis,  northern  long-eared  bat,  Pipistrel- 
lus  subflavus 


INTRODUCTION 

Twelve  species  of  bats  occur  in  Illinois.  Of  these,  four  species  are  state  or  federally 
endangered  (Herkert,  1992):  the  Indiana  bat  ( Myotis  sodalis ),  gray  bat  (. Myotis  grises- 
cens),  southeastern  bat  {Myotis  austroriparius ),  and  Rafinesque’s  big-eared  bat 
{Corynorhinus  rafinesquii).  Knowledge  of  life  history  characteristics  of  bats  that  occur  in 
Illinois  is  necessary  for  population  assessment  and  effective  species  management.  An 
important  life  history  characteristic  is  the  type  of  sites  used  for  day  and  night  roosting. 
Bats  in  temperate  regions  roost  in  numerous  types  of  natural  and  artificial  structures 
(Kunz  and  Pierson,  1994).  However,  lack  of  suitable  roost  sites,  where  bats  spend  the 
majority  of  their  lives,  may  be  a  critical  limiting  factor  in  the  abundance,  distribution,  and 
dynamics  of  bat  populations  (Lewis,  1995;  Fenton  1997).  In  addition  to  caves  and  tree 
snags,  the  underside  of  certain  types  of  bridges  is  used  by  bats  for  roost  sites,  especially 
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bridges  with  open  expansion  joints  or  alcoves  (Davis  and  Cockrum,  1963;  Adam  and 
Hayes,  2000).  Conversely,  bats  do  not  use  flat-bottomed  (slab)  bridges  (McDonnell, 
2001),  possibly  because  the  microclimate  is  unsuitable.  The  extent  of  bridge  use  by  bats, 
types  of  bridges  that  may  be  used,  and  discernable  effect  of  the  surrounding  habitat  are 
questions  that  have  not  been  addressed  in  Illinois.  We  initiated  this  study  to  investigate 
the  use  of  bridges  as  roost  sites  by  bats  in  southern  Illinois. 

MATERIALS  AND  METHODS 

We  surveyed  232  bridges  in  9  southern  Illinois  counties  (Table  1).  Only  bridges  that  were 
maintained  by  state  or  county  transportation  departments  were  surveyed.  Generally,  these 
were  >  20  m  long.  Smaller  bridges,  often  those  over  pipe  culverts  maintained  by  town¬ 
ships,  were  not  investigated.  They  often  were  inaccessible  and  were  deemed  inappropri¬ 
ate  for  the  current  study.  Five  bridge  designs  were  found  in  southern  Illinois.  Parallel  box 
beam  bridges  were  concrete  with  crevices  (expansion  joints)  the  length  of  the  bridge  that 
varied  in  width  up  to  about  5  cm,  were  about  46  cm  deep,  and  protected  from  above 
against  moisture.  Prestressed  girder  bridges  were  concrete  with  inverted  T-shaped  girders 
occasionally  with  steel  bracing.  Cast-in-place  bridges  had  various  patterns  and  sizes  but 
were  generally  concrete  “waffle-shaped”  structures.  I-beam  bridges  had  steel  girders  in 
association  with  concrete  or  wood.  Flat  slab  bridges  were  usually  concrete  box  culverts 
with  no  crevices  or  girders.  Many  bridges  had  a  combination  of  concrete,  steel,  or  wood 
surfaces,  but  were  primarily  concrete  and  steel.  We  determined  the  following  variables 
associated  with  each  bridge:  minimum  and  maximum  roost  height,  crevice  width  of 
expansion  joints,  surrounding  habitat  (residential,  agriculture,  commercial,  woodland, 
grassland,  riparian),  and  area  beneath  the  bridge  (bare,  vegetated,  water,  highway,  dirt 
road,  railroad,  rip-rap).  All  bridges  were  checked  during  morning  or  afternoon  when  bats 
were  roosting.  A  portable  million-candlepower  rechargeable  spotlight  was  used  to  illumi¬ 
nate  crevices,  girders,  and  beams  to  locate  bats.  The  under  surface  of  most  bridges  was 
close  enough  to  the  ground  so  that  a  complete  inspection  was  possible.  We  did  not  use 
binoculars  or  extension  mirrors,  however,  to  check  more  inaccessible  places  under 
bridges.  Regardless,  binoculars  or  mirrors  would  not  have  been  useful  to  detect  bats 
higher  than  20  m.  Species  of  bat  was  determined  based  on  morphological  features;  no 
bats  were  removed  for  identification. 

Just  as  bats  switch  roost  trees,  there  is  both  temporal  and  spatial  variability  in  the  use  of 
bridges  by  bats.  Therefore,  we  resurveyed  some  of  the  bridges  with  bats  to  determine 
how  many  had  bats  present  at  a  later  date.  We  did  this  to  calculate  a  correction  factor  to 
more  accurately  estimate  the  possible  number  of  bridges  suitable  for  bats  (“suitable” 
being  defined  as  known  bat  use  at  some  point  in  time)  even  though  they  may  not  have 
been  occupied  when  we  checked  them.  Because  too  few  bridges  had  bats  compared  to 
those  that  did  not,  we  were  unable  to  meet  the  basic  assumptions  necessary  for  statistical 
analyses  of  surrounding  habitat  data  to  separate  bridges  “with”  and  “without”  bats  and 
develop  a  predictive  model. 


RESULTS 

We  found  bats  under  15  of  the  232  bridges  (6.5%)  surveyed  (Table  1).  Four  of  the  five 
types  of  bridges  had  roosting  bats;  flat  slab  was  the  only  bridge  type  never  occupied  by 
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bats  (Table  2).  Bat  species  found  roosting  under  the  bridges  were  big  brown  bats,  eastern 
pipestrelles,  little  brown  bats,  and  northern  long-eared  bats.  The  number  of  bats  under 
each  bridge  ranged  from  1  to  >100.  We  recorded  approximately  185  individual  bats,  with 
the  largest  concentrations  in  the  crevices  of  parallel  box  beam  bridges.  Big  brown  bats 
comprised  about  76.2%  of  the  bats  found,  eastern  pipestrelles  18.4%,  and  northern  long¬ 
eared  and  little  brown  bats  each  <  3%.  We  found  no  state  or  federally  listed  species  of 
bats  using  bridges.  However,  identification  was  sometimes  problematic  for  Myotis  in 
deep  crevices  or  those  roosting  at  substantial  heights. 

The  average  height  for  9  roosts  was  5.1  m  (range  1.0  to  10.0  m)  above  ground  level  under 
bridges.  One  individual  roosted  on  a  steel  girder;  all  others  roosted  on  concrete  surfaces. 
No  bats  roosted  on  wooden  surfaces.  The  greatest  concentrations  of  bats  were  in  the 
crevices  of  parallel  box  beam  bridges.  Minimum  crevice  width  of  parallel  box  beam 
bridges  used  by  bats  was  approximately  3/4”  (1.9  cm);  most  bats  were  in  crevices  s=l” 
wide  (2.5  cm). 

We  expected  to  observe  a  higher  percentage  of  bats  roosting  under  bridges  located  in 
heavily  wooded  areas.  Although  not  quantified  statistically,  there  was  no  discernable 
pattern  to  the  surrounding  type  of  landscape  or  to  the  immediate  habitat  directly  under 
bridges  used  as  roosts.  Where  flowing  or  standing  water  occurred  under  the  bridges,  bats 
usually  roosted  above  the  bare  ground,  concrete,  rip-rap,  or  other  material  of  the 
embankment,  as  opposed  to  over  the  water. 

Of  the  15  bridges  with  bats,  we  rechecked  11  at  a  later  date  to  determine  continuity  of 
use.  Seven  of  the  11  (63.6%)  were  being  used  by  bats  when  rechecked.  From  this,  we 
calculated  a  “correction  factor”  as  15/0.636  =  23.6  bridges.  That  is,  given  the  temporal 
variation  in  bat  use  relative  to  time  surveyed,  we  suggest  that  instead  of  15  occupied 
bridges,  a  more  accurate  estimate  is  23.6  bridges.  Using  this  figure,  close  to  10%  of  the 
232  bridges  surveyed  could  reasonably  be  considered  suitable  for  roosting  bats. 

DISCUSSION 

Previous  work  on  use  of  bridges  by  roosting  bats  primarily  has  been  done  in  the  southern 
tier  of  the  United  States.  Bat  Conservation  International  (2001)  estimated  that  in  “...  the 
southern  U.S.,  3,600  highway  structures  are  used  by  approximately  33  million  bats.”  It 
has  long  been  known  (Davis  and  Cockrum,  1963)  that  roosting  bats  frequently  use 
bridges  with  3/4”  to  1”  crevices  (expansion  joints).  Although  parallel  box  beam  bridges 
were  used  most  frequently  by  bats  in  our  study  (7  of  15),  on  a  percentage  basis  only  6.9% 
of  the  101  bridges  of  this  type  that  were  surveyed  had  bats  (Table  2).  Crevices  often  were 
filled  with  nests  of  mud-daubers  (wasps  of  the  family  Sphecidae),  and  we  rarely  found  a 
roosting  bat  in  close  proximity  to  mud-dauber  nests. 

As  noted,  flat  slab  bridges  offer  limited  suitable  sites  for  bats,  probably  because  of  their 
surface  features,  variable  microclimate,  and  exposure  to  potential  predators.  McDonnell 
(2001)  found  no  bats  roosting  under  any  of  the  161  slab  bridges  she  surveyed.  Lance  et 
al.  (2001)  found  that  bats  occupied  only  1  of  14  slab  bridges.  The  overall  percentage  of 
bridges  used  in  our  study  (6.5%)  would  be  greater  if  the  30  flat  slab  bridges,  primarily  in 
the  form  of  box  culverts,  were  eliminated  from  the  total.  Eliminating  those  30  bridges 
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from  consideration,  bats  roosted  in  7.4%  of  the  four  other  bridge  types  (15/202).  Also, 
applying  the  correction  factor  noted  previously  to  only  202  surveyed  bridges,  suggests 
that  23.6/202  =  1 1.7%  of  southern  Illinois  non-slab  bridges  are  suitable  for  roosting  bats. 
This  figure  must  be  considered  conservative  because  of  the  possibility  that  we  missed 
seeing  bats  roosting  at  great  height  or  in  inaccessible  portions  of  bridge  structures.  It  is 
encouraging  that  a  potentially  large  percentage  of  bridges,  as  well  as  different  design 
types,  are  suitable  for  roosting  bats.  Unfortunately,  these  bridge  types  might  be  less  avail¬ 
able  in  the  future.  As  noted  by  Lance  et  al.  (2001)  and  McDonnell  (2001),  more  durable, 
less  expensive,  slab  bridges  often  are  built  to  replace  older  bridges  that  currently  are  suit¬ 
able  for  bats. 

Although  we  found  no  endangered  species  of  bats  during  our  study,  several  species  that 
are  listed  in  Illinois  are  known  to  use  bridges  as  roosting  sites.  Kiser  et  al.  (1999) 
described  three  “concrete  girder”  style  bridges  used  by  night-roosting  Indiana  bats  in 
south  central  Indiana.  In  Arkansas,  a  colony  of  400-450  southeastern  bats  roosts  in  the 
expansion  joints  of  a  concrete  bridge  (D.  Reed,  Arkansas  State  University,  personal 
communication,  2002).  McDonnell  (2001)  surveyed  990  bridges  in  the  coastal  plain  of 
North  Carolina  and  found  bats  under  135  (13.6%).  Besides  eastern  pipestrelles,  she  found 
Rafinesque’s  big-eared  bats  and  southeastern  bats.  Likewise,  Lance  et  al.  (2001)  found 
bats  under  32  of  81  bridges  in  Louisiana;  Rafinesque’s  big-eared  bats  made  up  >95%  of 
their  observations.  Although  we  found  no  Indiana,  southeastern,  or  Rafinesque’s  big- 
eared  bats  in  our  sample  of  bridges,  this  likely  is  because  of  the  restricted  density  and 
distribution  of  these  species  in  Illinois  (Herkert,  1992). 

Recent  work  has  shown  that  artificial  roost  boxes,  placed  under  bridges,  are  an  effective 
means  of  providing  day  and  night  roost  sites  for  various  species  (Arnett  and  Hayes, 

2000) .  These  boxes  do  not  affect  the  structural  integrity  of  a  bridge  and  are  very  inexpen¬ 
sive  to  install.  We  had  planned  to  place  artificial  roost  boxes  under  selected  flat-bottomed 
bridges  to  determine  whether  they  attracted  roosting  bats.  We  did  not  place  any  artificial 
roosts,  however,  because  state  and  county  engineers  responsible  for  bridge  construction 
and  maintenance  often  were  reluctant  to  allow  us  to  do  so.  It  is  important  for  resource 
managers  to  note  that  the  primary  concern  and  lack  of  enthusiasm  for  this  project  on  the 
part  of  the  engineers  related  to  perceived  possible  impacts  on  bridge  maintenance  opera¬ 
tions.  Their  concern  was  the  potential  for  documenting  threatened  or  endangered  species 
of  bats  using  the  bridges.  This  could  directly  impact  future  maintenance  or  other  activities 
on  these  bridges,  and  could  result  in  additional  mandated,  unaffordable  costs  to  counties. 
Any  future  efforts  by  the  Illinois  Department  of  Natural  Resources  to  enhance  use  of 
bridges  by  roosting  bats  through  the  use  of  artificial  boxes  or  other  types  of  retrofitting  to 
existing  bridges  (see  Bat  Conservation  International,  2001)  will  necessitate  collaboration 
with  state  and  county  bridge  engineers  in  Illinois  to  address  these  concerns.  Departments 
of  Transportation  in  numerous  other  states  (including  Arkansas,  Florida,  Georgia,  New 
Mexico,  Oklahoma,  Tennessee,  Texas,  Utah,  and  Wyoming)  as  well  as  the  Federal 
Highway  Administration  (and  other  federal  agencies  such  as  the  Army  Corps  of  Engi¬ 
neers  and  Bureau  of  Land  Management),  successfully  cooperate  with  resource  managers 
in  plans  to  accommodate  bats  in  highway  structures  (Bat  Conservation  International, 

2001) .  Similar  working  relationships  should  be  encouraged,  initiated,  and  maintained  in 
all  states. 


Ill 
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Table  1.  Number  of  bridges  surveyed  for  roosting  bats  during  the  summers  of  2001  and 
2002  in  9  southern  Illinois  counties. 


County 

No.  of  Bridges  Surveyed 

No.  of  Bridges  With  Bats 

Franklin 

5 

0 

Jackson 

66 

5 

Johnson 

23 

1 

Perry 

26 

1 

Pope 

18 

3 

Pulaski 

21 

0 

Saline 

13 

0 

Union 

36 

5 

Williamson 

24 

0 

Total 

232 

15 

Table  2.  Design  type  of  232  bridges  surveyed  for  roosting  bats  during  the  summers  of 
2001  and  2002  in  9  southern  Illinois  counties3. 


Bridge  Design  (No.  surveyed)  No.  With  Bats  No.  Without  Bats 


Parallel  box  beam  (101) 

7 

94 

Prestressed  concrete  girder  (24) 

2 

22 

Cast-in-place  (27) 

2 

25 

Steel  I-beam  (58) 

4 

54 

Flat  slab  (30) 

0 

30 

3  Eight  bridges  had  combinations  of  two  design  types,  for  example,  parallel  box  beam  was 
sometimes  on  each  side  of  cast-in-place  or  slab  bridges.  Both  designs  were  counted  in  a 
bridge  so  total  number  surveyed  given  here  equals  240. 
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ABSTRACT 

The  prevalence  and  spatial  distribution  of  Giardia  intestinalis  was  surveyed  in  beavers 
0 Castor  canadensis  Kuhl)  trapped  in  5  watersheds  in  central  and  southern  Illinois.  Bea¬ 
vers  were  tested  for  the  presence  of  cysts  using  a  fluorescein-labeled  antibody  test. 
Giardia  cysts  were  detected  in  30.8%  of  107  beavers  sampled.  The  percentage  of 
Giardia- infected  beavers  was  higher  than  reported  in  previous  studies.  Prevalence  did  not 
differ  between  males  and  females  or  between  adults  and  juveniles.  Differences  in  preva¬ 
lence  among  watersheds  were  not  found,  but  beavers  inhabiting  2  large  recreational  lakes 
showed  the  highest  prevalence  of  infection.  Whether  beavers  serve  as  initial  sources  of 
surface  water  contamination  or  as  amplifying  hosts,  this  intestinal  parasite  is  likely  to 
become  more  prevalent  in  Illinois’  waterways  as  beaver  populations  increase  statewide. 


INTRODUCTION 

Giardia  intestinalis  (=  G.  lamblia,  -  G.  duodenalis)  is  a  microscopic  protozoan  parasite 
infecting  warm-blooded  animals,  including  humans.  It  is  the  most  common  human  intes¬ 
tinal  parasite  in  developed  countries  and  giardiasis  is  the  most  frequently  reported  water¬ 
borne  disease  (Schantz,  1991;  Thompson  et  al.,  1993).  Giardia  cysts  can  be  transmitted 
among  people  via  indirect  contact  with  feces  (Ormiston  et  ah,  1942)  or  by  sexual  activity 
(Meyers  et  ah,  1977).  Rarely,  giardiasis  can  be  acquired  from  pets  (Davies  and  Hibler, 
1979).  However,  most  cases  occur  when  humans  are  exposed  to  a  contaminated  water 
supply  (Thompson  et  ah,  1993). 

Waterways  become  contaminated  when  cysts  are  introduced  via  animal  feces  or  human 
sewage.  Beavers  ( Castor  canadensis  Kuhl)  have  been  identified  as  an  important  wildlife 
host  for  this  parasite  to  the  extent  that  giardiasis  is  sometimes  referred  to  as  “beaver 
fever”  (Gaydos,  1998).  Whether  beavers  are  the  original  source  of  contamination  or  sim¬ 
ply  amplify  existing  numbers  of  cysts,  it  is  clear  that  they  are  an  important  reservoir  for 
this  parasite  (Thompson  et  ah,  1993). 


114 


Although  surveys  have  been  conducted  to  assess  the  prevalence  of  Giardia  in  beavers, 
none  have  been  conducted  in  Illinois  or  the  southern  part  of  this  host’s  range.  Further,  we 
are  not  aware  of  any  attempt  to  compare  the  prevalence  of  this  parasite  in  beavers  inhab¬ 
iting  adjacent  watersheds  or  habitats  with  different  ecological  and  hydrological  charac¬ 
teristics.  Therefore,  the  objectives  of  this  study  were  to:  (1)  estimate  the  prevalence  of  G. 
intestinalis  in  beavers  of  central  and  southern  Illinois,  (2)  test  whether  prevalence  differs 
between  sexes  and  age-classes,  and  (3)  survey  spatial  patterns  of  Giardia  in  the  water¬ 
sheds  of  this  region. 


STUDY  AREA 

Beavers  from  5  watersheds  in  central  and  southern  Illinois  were  trapped  and  examined. 
This  region  extended  from  Champaign  Co.  in  central  IL  to  Jefferson  Co.  in  southern  IL. 
Beavers  were  collected  from  the  watersheds  of  the  Kaskaskia  River,  Big  Muddy  River, 
Little  Wabash  River,  Embarras  River,  and  Mill  Creek.  We  categorized  each  animal  as 
inhabiting  river,  lake,  or  ditch  habitats  based  on  the  location  of  their  den  or  lodge.  Many 
of  the  beavers  inhabiting  lakes  were  trapped  in  either  Rend  Lake  (Big  Muddy  watershed) 
or  Lake  Shelbyville  (Kaskaskia  watershed).  Both  are  large  recreational  reservoirs  that  are 
used  heavily  by  campers,  boaters  and  fishermen. 

METHODS 

We  collected  beavers  at  lodges,  food  caches,  and  feeding  sites  during  the  winter  of  2000- 
2001  using  #330  conibear  traps.  This  method  of  euthanasia  meets  the  guidelines  for 
humane  treatment  of  animals  and  was  approved  by  Eastern  Illinois  University’s  Animal 
Care  and  Use  Committee.  Each  animal  was  dissected  and  sexed  based  on  reproductive 
organs  (Osborn,  1955).  Ages  were  estimated  by  removing  the  4  cheek  teeth  (1  premolar 
and  3  molars)  from  the  left  side  of  the  lower  jaw  and  noting  the  eruption,  extent  of  basal 
closure,  and  deposition  of  cementum  annuli  on  these  teeth  (Larson  and  Van  Nostrand, 
1968). 

Samples  were  collected  from  the  upper  25  cm  of  the  small  intestine  of  each  beaver  and 
preserved  in  10%  formalin.  Each  sample  was  suspended  in  a  water  solution  and  smears 
were  made  on  2  welled  microscope  slides.  Smears  were  then  air-dried  and  treated  with  a 
Giardia  intestinalis  monoclonal  antibody  labeled  with  fluorescein  (Waterborne,  Inc., 
New  Orleans,  LA).  Slides  were  incubated  in  a  humid  chamber  at  room  temperature  for  40 
min.  to  allow  the  antibody-antigen  reaction  to  occur.  After  incubation,  we  rinsed  each 
slide  in  a  buffer  for  60  sec.  When  the  samples  were  partially  dry,  a  drop  of  counterstain 
was  added  to  each  slide  to  stain  all  non-reactive  material.  Slides  were  rinsed  again  and 
cover  slips  were  added.  We  examined  each  slide  using  a  fluorescence  microscope  under 
blue  excitation  light  at  100  X  magnification.  Using  this  method,  Giardia  cysts  appeared 
bright  green,  whereas  the  background  was  red.  Potential  cysts  were  viewed  again  at  400 
X  magnification  and  their  shape  and  size  were  compared  to  cysts  on  a  Giardia- positive 
control  sample  provided  by  the  manufacturer.  Each  sample  was  recorded  as  being  posi¬ 
tive  or  negative  for  presence  of  Giardia.  Chi-square  tests  were  used  to  test  for  differences 
in  the  prevalence  of  Giardia  in  males  versus  females,  juveniles  (<  2-years  old)  versus 
adults  (>  2-years  old),  beavers  inhabiting  the  5  watersheds  and  3  habitat  types. 
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RESULTS 

Thirty-three  (30.8%)  of  107  beavers  carried  Giardia  cysts,  a  higher  prevalence  than  the 
14-19%  typically  reported  for  beavers  in  Canada  and  northern  states  (Table  1).  We  did 
not  observe  differences  in  prevalence  between  males  and  females  (X2  =  1.62;  1  df;  P  = 
0.203).  Thirteen  of  52  (25%)  females  and  20  of  55  males  (36%)  were  infected.  Preva¬ 
lence  did  not  differ  between  juvenile  and  adult  beavers  (X2  =  0.51;  1  df;  P  =  0.479).  Of 
66  juveniles,  33%  tested  positive  for  Giardia ,  whereas  27%  of  the  adults  tested  positive 
(Table  2). 

We  did  not  find  significant  differences  in  prevalence  among  beavers  in  the  5  watersheds 
tested  (X2  =  4.42;  4  df \  P  -  0.491).  Prevalence  was  highest  in  the  Big  Muddy  River 
watershed  (42%)  in  southern  Illinois  and  the  Kaskaskia  River  watershed  (33%)  in  central 
Illinois  (Table  3).  In  contrast,  we  did  not  find  Giardia  in  any  of  the  6  beavers  trapped  in 
the  Little  Wabash  River  watershed,  however  this  sample  was  small.  Prevalence  was  high¬ 
est  among  beavers  inhabiting  the  2  large  recreational  lakes.  Sixty  percent  (6/10)  of  bea¬ 
vers  from  Rend  Lake  and  56%  (9/16)  from  Lake  Shelby ville  carried  Giardia  cysts.  How¬ 
ever,  we  did  not  find  Giardia  infections  to  be  more  prevalent  in  lakes  relative  to  ditches 
and  rivers  when  all  locations  were  considered  (X2  =  1.63;  2  df;  P  =  0.256). 

DISCUSSION 

Few  studies  have  been  conducted  to  determine  the  role  of  wild  mammals  as  the  source  of 
fecal  contamination  of  surface  waters  (Tiedemann,  2000).  The  prevalence  of  Giardia  in 
beavers  has  been  surveyed  at  several  locations  in  the  U.S.  and  Canada,  but  none  have 
reported  frequencies  of  infection  as  high  as  those  that  we  found  in  Illinois.  Davies  and 
Hibler  (1979)  reported  a  prevalence  of  18%  in  Colorado  beavers  and  a  similar  study  in 
British  Columbia  found  that  14.7%  of  beavers  tested  positive  for  Giardia  (Issaac-Renton 
et  al.,  1987).  Researchers  in  Washington  reported  that  prevalence  increased  annually  over 
3  years  from  6.3%  to  19.0%  (Frost  et  al.,  1980).  Monzingo  and  Hibler  (1987)  reported  the 
highest  prevalence  (42%)  in  beavers,  however  they  may  have  overestimated  prevalence 
because  fecal  samples  were  collected  from  the  bottoms  of  beaver  ponds,  so  multiple  sam¬ 
ples  may  have  come  from  the  same  infected  individual  (Erlandsen  et  al.,  1990). 

Recent  evidence  suggests  that  these  surveys  may  have  underestimated  the  true  prevalence 
of  Giardia  infection  in  beavers  because  they  relied  on  the  visual  detection  of  cysts  in 
fecal  samples.  Erlandsen  et  al.  (1990)  measured  prevalence  by  detecting  both  trophozoi¬ 
tes  in  fresh  mucosal  scrapings  and  cysts  in  feces.  Prevalence  was  13.7%  using  tropho¬ 
zoites,  but  only  9.2%  using  cysts.  Furthermore,  when  fecal  samples  from  beavers  known 
to  be  trophozoite-positive  were  examined,  cysts  were  detected  in  only  80.9%.  Conse¬ 
quently,  these  researchers  concluded  that  previous  surveys  relying  on  the  visual  detection 
of  cysts  may  have  underestimated  true  prevalence.  However,  they  acknowledged  that 
immunofluorescent  microscopy,  as  used  in  our  survey,  may  provide  a  more  sensitive 
technique  for  detecting  cysts  in  feces. 

We  are  not  aware  of  any  study  that  has  found  the  prevalence  of  Giardia  infection  to  differ 
between  the  sexes.  However,  there  are  contradictory  reports  as  to  whether  juveniles  are 
more  prone  to  infection  than  adults.  Erlandsen  et  al.  (1990)  reported  higher  prevalence  in 
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juveniles  (23.2%)  than  adults  (12.6%).  Similarly,  juvenile  beavers  in  Washington  were 
more  likely  to  be  infected  than  adults  (Frost  et  al.,  1980).  However,  surveys  in  Colorado 
and  British  Columbia  suggested  that  prevalence  does  not  differ  between  age-classes 
(Davies  and  Hibler,  1979;  Issaac-Renton  et  al.,  1987).  Beavers  live  in  close-knit  colonies, 
sharing  waterways,  dens  and  food  supplies.  This  social  structure  appears  to  hasten  the 
transmission  of  Giardia  among  individuals  regardless  of  sex  or  age.  Our  results  show  that 
prevalence  does  not  increase  with  age  and  increased  exposure  to  cysts,  suggesting  that 
beavers  may  develop  some  immunity  to  this  parasite  with  age. 

Giardia  cysts  were  common  in  beavers  occupying  4  of  the  5  watersheds  that  we  sur¬ 
veyed.  All  6  beavers  tested  from  the  Little  Wabash  River  were  free  of  infection,  but  the 
small  sample  size  warrants  further  testing  in  this  watershed.  Prevalence  did  not  differ 
among  watersheds,  but  within  watersheds  tended  to  be  higher  among  beavers  inhabiting 
the  2  large  recreational  lakes.  This  may  be  due  to  lower  water  velocities  and  hence 
greater  accumulations  of  cysts  in  these  habitats.  Although  we  did  not  measure  the  con¬ 
centration  of  cysts  in  water,  we  believe  that  a  more  important  factor  may  be  the  intensive 
use  of  these  lakes  by  humans.  The  high  prevalence  in  these  lakes  is  consistent  with  a  pre¬ 
vious  study  suggesting  that  beavers  are  more  likely  to  be  Giardia- infected  if  they  inhabit 
waterways  that  receive  heavy  human  use,  such  as  near  parks  and  campgrounds  (Suk  et 
al.,  1987).  Initial  contamination  of  the  site  may  come  from  human  sewage  and  beavers 
may  serve  primarily  as  amplifying  hosts  by  ingesting  a  few  cysts  and  then  shedding  large 
numbers.  Thompson  et  al.  (1993)  noted  that  it  has  not  been  possible  to  prove  whether 
giardiasis  in  humans  is  contracted  from  animals  or  vice  versa.  For  example,  Heitman  et 
al.  (2002)  examined  the  prevalence  and  concentration  of  cysts  in  human  sewage  influent, 
wildlife  and  livestock  sources  in  a  watershed  in  Alberta.  They  found  that  the  prevalence 
was  highest  in  sewage  influent  and  lowest  in  wildlife,  but  the  concentration  of  cysts  was 
highest  in  cattle  feces. 

Giardia  appears  to  be  ubiquitous  in  the  waterways  of  central  and  southern  Illinois  and  its 
prevalence  in  beavers  is  considerably  higher  than  that  reported  in  previous  surveys  from 
northern  portions  of  this  host’s  range.  This  may  occur  because  a  warmer  climate  is  more 
tolerable  to  Giardia  and  more  conducive  to  its  transmission  among  beavers  and  other 
hosts.  A  previous  study  found  its  prevalence  in  beavers  increased  in  summer  and 
decreased  in  winter  in  Colorado  (Monzingo  and  Hibler,  1987).  The  authors  proposed  that 
this  pattern  was  due  to  seasonal  activity  levels  of  beavers.  However,  we  speculate  that 
differences  may  be  due  to  differential  survival  and/or  concentrations  of  cysts  in  cold 
water.  Additional  surveys  from  the  southern  portions  of  the  beaver’s  range  may  shed  light 
on  this  geographic  pattern.  Regardless  of  whether  Illinois’  beavers  serve  as  initial  sources 
of  Giardia  contamination  or  as  amplifying  hosts,  this  intestinal  parasite  is  likely  to 
become  more  prevalent  in  Illinois’  waterways  as  beaver  populations  increase  statewide. 
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Table  1.  Prevalence  of  Giardia  intestinalis  in  fecal  samples  of  beavers  ( Castor  canaden¬ 
sis)  reported  in  previous  studies. 


Location 

Giardia  prevalence  (%) 

Citation 

Minnesota 

13.7 

Erlandsen  et  al.  1990 

British  Columbia 

14.7 

Issaac-Renton  et  al.  1987 

Colorado 

18.0 

Davies  and  Hibler  1979 

Washington 

19.0 

Frost  et  al.  1980 

Illinois 

30.8 

this  study 

Table  2. Age-specific  prevalence  of  Giardia  intestinalis  in  beavers  from  central  and 
southern  Illinois. 


Age-class 

N 

Giardia- positive 

Kits  (6-11  mos.  old) 

44 

15  (34.1%) 

Yearlings  (12-23  mos.  old) 

22 

7(31.8%) 

Two-year  olds  (24-35  mos.  old) 

14 

4  (28.6%) 

Adults  (>36  mos.  old) 

27 

7  (25.9%) 

Total 

107 

33  (30.8%) 

Table  3.  Prevalence  of  Giardia  intestinalis  in  beavers  from  5  watersheds  in  central  and 
southern  Illinois. 


Watershed 

N 

Giardia- positive 

Big  Muddy  River 

19 

8  (42%) 

Kaskaskia  River 

33 

11  (33%) 

Embarras  River 

38 

1 1  (29%) 

Mill  Creek 

11 

3  (27%) 

Little  Wabash  River 

6 

0  ( 0%) 
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ABSTRACT 

The  black  crappie  Pomoxis  nigromaculatus  and  the  white  crappie  P.  annularis  can 
hybridize  and  produce  fertile  offspring.  Although  several  studies  have  documented  the 
extent  of  crappie  hybridization  in  the  southern  and  southeastern  United  States,  no 
research  has  focused  on  the  amount  of  crappie  hybridization  in  other  parts  of  the  country. 
We  used  allozyme  electrophoresis  to  determine  the  rate  of  crappie  hybridization  in  8 
southern  Illinois  impoundments  and  the  extent  of  crappie  misidentification  in  these 
impoundments  due  to  hybridization. 

The  range  of  crappie  hybridization  rates  was  0  -  7.9%  and  most  of  the  hybrid  crappie 
were  Fx  hybrids.  Since  hybridization  rates  were  so  low,  we  were  able  to  correctly  identify 
93.7%  of  the  black  crappie  and  99.6%  of  the  white  crappie  by  using  traditional  field 
methods  (coloration,  nape  length,  and  dorsal  spine  count). 


INTRODUCTION 

Like  many  members  of  the  family  Centrarchidae,  fish  of  the  genus  Pomoxis  (black  crap¬ 
pie  P.  nigromaculatus  and  white  crappie  P.  annularis)  are  able  to  produce  hybrid  off¬ 
spring  which  have  unique  characteristics  when  compared  to  pure  crappie.  For  example,  in 
Weiss  Lake,  Alabama,  larval  Fj  crappie  swim  up  earlier  and  have  higher  growth  rates 
than  the  parental  larvae  (Travnichek  et  al.  1996a).  Consequently,  hybrid  crappie  recruit  to 
the  fishery  earlier  than  the  parentals  (Smith  et  al.  1994).  In  Illinois,  Fj  hybrid  crappie 
were  shown  to  grow  better  than  the  parentals  during  both  their  first  and  second  growing 
seasons  (Buck  and  Hooe  1986;  Hooe  and  Buck  1991)  when  the  fish  community  was 
comprised  of  only  Pomoxis  species  and  their  hybrids.  However,  when  stocked  into  ponds 
with  established  predator  and  prey  communities,  the  F,  hybrids  had  sizes  similar  to  white 
crappie  growing  in  larger  reservoirs  (Hooe  et  al.  1994).  Artificially  produced  F,  hybrid 
crappie  are  able  to  reproduce,  survive  well  as  fry,  have  egg  viability  similar  to  the  paren¬ 
tals,  and  have  1  :  1  sex  ratios  (Buck  and  Hooe  1986;  Hooe  and  Buck  1991).  In  Alabama, 
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natural  Ft  hybrids  can  also  reproduce  and  have  higher  survival  than  the  parental  species 
(Smith  et  al.  1994;  Dunham  et  al.  1994;  Travnichek  et  al.  1996a).  However,  F,  hybrids 
had  low  recruitment  when  stocked  into  an  Illinois  gravel  pit  pond  (Bennett  and  Childers 
1972)  and  they  had  lower  recruitment  than  the  parentals  when  stocked  exclusively  in 
experimental  ponds  (Hooe  and  Buck  1991).  When  stocked  into  ponds  with  established 
predator  and  prey  communities,  the  Fj  hybrid  crappie  had  low  survival  and  recruitment 
(Hooe  et  al.  1994). 

Second  generation  hybrid  crappie  do  not  seem  to  be  as  viable  as  F,  hybrids.  The  F2 
hybrid  crappie  had  low  recruitment  in  an  Illinois  gravel  pit  (Bennett  and  Childers  1972) 
and  had  the  lowest  recruitment  when  compared  to  parentals  and  Fl  hybrids  in  experi¬ 
mental  ponds  (Hooe  and  Buck  1991).  The  F2  hybrids  also  did  not  grow  as  well  as  the  F, 
hybrids.  In  a  different  experiment  conducted  in  Illinois  ponds,  F2  hybrid  crappie  again 
had  very  low  levels  of  reproduction  (Epifanio  et  al.  1999). 

Hybrid  crappie  can  backcross  with  pure  crappie,  and  most  studies  classify  backcrossed 
fish  and  higher  generation  hybrids  as  Fx  hybrids  (Bennett  and  Childers  1972;  Smith  et  al. 
1994;  Dunham  et  al.  1994;  Travnichek  et  al.  1996b).  First  generation  hybrids  were  from  2 
-  7  times  more  abundant  than  Fx  hybrids  in  Weiss  Lake,  Alabama  (Smith  et  al.  1994; 
Dunham  et  al.  1994)  but  Fx  hybrid  crappie  were  more  abundant  than  Fj  crappie  in  Doug¬ 
las  Reservoir,  Cherokee  Reservoir,  and  Norris  Reservoir  in  Tennessee  (Dunham  et  al. 
1994).  In  experimental  ponds,  parental  crappie  mated  assortatively  such  that  Ft  hybrid 
and  Fj  by  parental  backcross  offspring  occurred  less  frequently  than  expected  but  paren¬ 
tal  and  F2  hybrid  offspring  were  found  more  often  than  expected  (Epifanio  et  al.  1999).  In 
nature,  backcrosses  are  more  likely  to  involve  the  black  crappie  as  the  parental  (Smith  et 
al.  1994),  probably  because  the  F,  hybrid  crappie  superficially  resembles  the  black  crap¬ 
pie  (Metcalf  et  al.  1972). 

Since  F}  hybrid  crappie  resemble  the  black  crappie  and  Fx  hybrids  resemble  either  black 
crappie  or  white  crappie,  hybrids  can  be  difficult  to  identify  in  the  field.  Subtle  differ¬ 
ences  can  be  detected  between  the  F,  hybrid  and  the  parental  species  (Buck  and  Hooe 
1986),  but  Smith  et  al.  (1995)  reported  that  a  combination  of  nape  length  (distance  from 
the  rear  of  the  eye  to  the  origin  of  the  dorsal  fin)  and  spine  count  could  not  discriminate 
between  the  white  crappie,  black  crappie,  and  their  Fj  hybrid.  Most  F,  fish  had  a  long 
nape  (a  white  crappie  trait)  and  7  or  more  dorsal  spines  (a  black  crappie  trait),  but  white 
crappie,  black  crappie,  and  the  F,  hybrid  all  exhibited  overlapping  combinations  of  these 
characteristics. 

Hybrid  crappie  are  best  identified  using  allozyme  electrophoresis  (Buck  and  Hooe  1986; 
Maceina  and  Greenbaum  1988;  Hooe  and  Buck  1991;  Epifanio  and  Philipp  1993;  Smith 
et  al.  1994;  Dunham  et  al.  1994;  Smith  et  al.  1995;  Travnichek  et  al.  1996a;  Travnichek  et 
al.  1996b;  Epifanio  et  al.  1999).  Analysis  of  crappie  communities  using  allozyme  electro¬ 
phoresis  has  shown  that  hybridization  rates  (percentage  of  crappie  which  are  Ft  or  Fx 
hybrids)  can  vary  greatly.  In  Lake  Weiss,  Alabama  17%  of  the  age  0  crappie  were 
hybrids  (Travnichek  et  al.  1996a).  Observed  rates  of  natural  hybridization  for  other  com¬ 
munities  ranged  from  0%  to  55%  (Maceina  and  Greenbaum  1988;  Smith  et  al.  1994; 
Dunham  et  al.  1994;  Travnichek  et  al.  1996a;  Travnichek  et  al.  1996b;  Travnichek  et  al. 
1997a).  Hybrid  crappie  have  even  been  found  in  hatcheries  (Dunham  et  al.  1994). 
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Several  factors  have  been  proposed  which  could  influence  the  rate  of  hybridization 
between  similar  fish  species.  Hybridization  among  Lepomis  species  was  related  to  abun¬ 
dance  of  vegetation,  limited  spawning  areas,  high  population  densities,  water  level  fluc¬ 
tuations,  and  high  turbidity  (Hubbs  1955).  Turbidity  had  little  effect  on  Lepomis  hybridi¬ 
zation  in  Illinois,  while  crowding  and  ratio  of  rare  to  common  species  did  influence 
hybridization  rate  (Dallmier  1992).  Smith  et  al.  (1994)  suggested  that  crappie  hybridiza¬ 
tion  in  Weiss  Lake,  Alabama  was  related  to  turbidity,  a  short  mating  season,  water  fluc¬ 
tuation,  and  the  fact  that  Weiss  Lake  lies  on  the  eastern  boundary  of  the  historic  distribu¬ 
tion  of  white  crappie.  In  Alabama,  this  boundary  is  defined  by  the  Coosa  River,  on  which 
two  impoundments  had  high  rates  of  crappie  hybridization  but  two  other  impoundments 
had  levels  of  hybridization  similar  to  other  reservoirs  in  Alabama  (Travnichek  et  al. 
1996b).  Theoretically,  the  relative  number  of  Fj  hybrid  crappie  can  influence  the  amount 
of  Fx  hybrid  crappie  in  a  community  since  first  generation  hybrid  crappie  can  breed  with 
each  other  and  with  parental  fish  to  create  Fx  hybrids.  However,  the  mere  presence  of  Fj 
hybrid  fish  does  not  guarantee  that  Fx  hybrid  fish  will  be  present  (Dallmier  1992).  Even  if 
hybridization  rates  are  high,  survival  and  recruitment  rates  of  hybrids  can  be  lower  than 
parentals  (Bennett  and  Childers  1972;  Hooe  and  Buck  1991;  Hooe  et  al.  1994). 

Naturally  occurring  crappie  hybrids  have  been  found  in  Illinois  (Bailey  and  Lagler  1938; 
Buck  and  Hooe  1986;  Hooe  and  Buck  1991),  but  no  study  has  measured  the  rate  of 
hybridization  in  crappie  communities  in  southern  Illinois.  Southern  Illinois  lies  within  the 
historical  range  of  both  species  of  crappie  (Trautman  1981)  and  both  species  have  been 
introduced  throughout  the  state.  We  sampled  several  crappie  communities  to  determine 
the  extent  of  crappie  hybridization  in  southern  Illinois  and  the  rate  of  visual  misidentifi- 
cation  of  crappie  due  to  hybridization. 


METHODS 

Crappie  were  obtained  from  Southern  Illinois  impoundments  which  were  known  to  con¬ 
tain  both  species  (Table  1  and  Figure  1).  Crappie  were  sampled  in  the  spring  and  fall  of 
1996  and  the  spring  of  1997  using  vertical  throat  trap  nets  (box  =  0.91  m  by  1.83  m  by 
0.61  m,  lead  =  12.8  m,  bar  mesh  =  0.0095  m).  All  crappie  were  assigned  a  putative  spe¬ 
cies  identification  using  traditional  methods.  Black  crappie  and  white  crappie  were  first 
separated  based  on  lateral  coloration  (white  crappie  have  dark  vertical  bands  on  their 
sides)  and  shape  (the  nape  length  is  longer  than  the  base  of  the  dorsal  fin  in  white  crappie, 
giving  them  a  more  elongate  shape  than  black  crappie).  For  questionable  fish,  dorsal 
spines  were  counted;  black  crappie  were  considered  to  have  7  or  greater  dorsal  spines, 
white  crappie  6  or  fewer  (Trautman  1981;  Smith  et  al.  1995).  Fish  with  odd  coloration  or 
shape  were  classified  as  hybrids. 

A  liver  tissue  sample  was  removed  from  each  fish,  stored  at  -80  C,  and  analyzed  using 
both  starch  gel  and  cellulose  acetate  allozyme  electrophoresis.  Previous  studies  have 
documented  fixed  differences  between  black  and  white  crappie  at  several  allozyme  loci 
(Buck  and  Hooe  1986;  Maceina  and  Greenbaum  1988;  Dunham  et  al.  1994).  Our  study 
screened  crappie  using  a  combination  of  three  to  five  of  the  diagnostic  loci  reported  in 
these  studies.  The  loci  initially  used  were  GPI-A*,  sMDH-B*,  ACP-1*,  FH-1*,  and 
PGM- 7*.  Starch  gel  techniques  were  similar  to  those  of  Travnichek  et  al.  (1996a)  using 
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tris-HCl  (pH  7.0)  in  the  buffer  and  gels  (13%  starch).  In  order  to  ensure  compatibility 
between  the  starch  gel  and  cellulose  acetate  techniques,  we  used  both  methods  to  com¬ 
pare  allozyme  expression  at  all  diagnostic  loci  for  several  black  crappie,  white  crappie, 
and  hybrid  crappie.  Cellulose  acetate  techniques  followed  Billington  et  al.  (1996).  Detec¬ 
tion  and  electrophoretic  mobility  of  alleles  in  the  cellulose  acetate  gels  was  similar  to  that 
in  the  starch  gels,  but  cellulose  acetate  gels  could  be  scored  approximately  45  minutes 
after  obtaining  tissue  samples,  compared  to  about  6  hours  for  starch  gels. 

For  each  locus,  the  most  common  black  crappie  allele  was  assigned  a  value  of  100,  and 
all  other  alleles  were  assigned  a  value  based  upon  their  mobility  relative  to  the  100  allele. 
Fish  which  were  heterozygous  at  all  observed  loci  were  considered  Ft  hybrids,  while 
those  which  were  heterozygous  at  only  some  of  the  observed  loci  were  considered  Fx 
hybrids.  Fish  which  were  homozygous  for  the  black  crappie  allele  at  one  locus  and 
homozygous  for  the  white  crappie  allele  at  another  locus  were  also  considered  Fx  hybrids. 
Percentage  of  hybrid  crappie  was  calculated  for  each  lake  by  summing  the  total  number 
of  Fj  and  Fx  fish  and  dividing  this  number  by  the  total  number  of  fish  sampled. 

Epifanio  and  Philipp  (1997)  and  Epifanio  et  al.  (1999)  cautioned  against  using  individual 
genotypes  to  extrapolate  hybrid  identities  to  an  entire  community,  especially  when  using 
only  a  few  diagnostic  loci.  With  3  non-linked  diagnostic  loci,  there  exists  a  25%  chance 
of  misidentifying  an  F,  by  parental  backcross  and  a  72%  chance  of  misidentifying  an  F2 
hybrid  crappie  (from  Table  2  of  Epifanio  and  Philipp  1997).  In  our  study  we  were  not 
concerned  with  discriminating  between  Fx  and  F2  or  higher  order  hybrids,  but  we  were 
interested  in  determining  the  percentage  of  crappie  which  were  some  form  of  hybrid. 
Statistically,  12.5%  of  the  F,  backcrosses  and  3.1%  of  the  F2  hybrids  were  expected  to  be 
misclassified  as  parental  crappie.  Thus,  our  observed  rates  of  hybridization  were  conser¬ 
vative.  Also,  some  of  the  Fx  crappie  can  be  heterozygous  at  all  3  loci  and  thus  might  be 
misidentified  as  hybrids,  so  our  observed  rate  of  Fx  hybridization  was  also  conserva¬ 
tive. 

Since  hybrids  tend  to  backcross  more  with  black  crappie  than  with  white  crappie,  we 
determined  the  direction  of  introgression  by  modifying  the  method  of  Smith  et  al.  (Smith 
et  al.  1994)  for  3  loci.  Each  Fx  hybrid  had  6  total  alleles  at  3  diagnostic  loci.  The  number 
of  white  crappie  alleles  possessed  by  the  Fx  hybrid  was  multiplied  by  1/6  (0.167)  to 
obtain  an  allele  score  ranging  from  0  to  1 .  A  pure  black  crappie  received  a  score  of  0.000 
while  a  pure  white  crappie  received  a  score  of  1 .000,  and  scores  for  the  Fx  crappie  could 
range  from  0.167  to  0.833  depending  upon  the  number  of  black  crappie  and  white  crappie 
alleles  the  hybrid  possessed. 


RESULTS 

We  screened  767  crappie  from  8  Southern  Illinois  impoundments  and  found  that  hybridi¬ 
zation  rates  between  the  black  crappie  and  the  white  crappie  were  very  low.  Most  of  the 
hybrid  crappie  were  post-  F,  hybrids.  The  low  number  of  hybrid  crappie  meant  that  most 
crappie  were  identified  correctly;  however,  of  the  few  hybrid  crappie,  most  were  mis¬ 
taken  for  parental s. 
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Hybrid  crappie  were  found  in  5  of  8  lakes  (Table  2).  In  lakes  which  contained  hybrids, 
the  percentage  of  hybrid  crappie  ranged  from  0.6%  to  7.9%.  Of  the  20  hybrid  crappie 
found,  7  were  F,  hybrids  and  13  were  Fx  hybrids.  Eleven  of  the  13  Fx  hybrids  were  het¬ 
erozygous  at  the  sMDH-B*  locus,  2  were  heterozygous  at  the  PGM-1*  locus,  2  were  het¬ 
erozygous  at  the  GPI-A*  locus,  and  none  were  heterozygous  at  the  FH-1*  locus  (Table 
3).  Black  crappie  alleles  were  more  prevalent  than  white  crappie  alleles  in  Fx  hybrids 
(Figure  2.) 

Using  traditional  methods,  we  correctly  identified  93.7%  of  the  black  crappie  and  99.6% 
of  the  white  crappie.  Both  F,  and  Fx  hybrids  were  mistaken  for  black  crappie.  One  mis- 
identified  white  crappie  was  a  black  crappie,  while  the  other  misidentified  white  crappie 
was  an  Fx  hybrid.  The  only  putative  F,  hybrid  was  actually  an  Fx  hybrid  (Table  4). 

Allele  mobilities  were  similar  to  other  studies  (Table  5  and  Table  6).  Two  alleles  were 
found  for  the  ACP-1*,  FH-1 *,  and  GPI-A*  loci  and  3  alleles  were  found  for  the  sMDH- 
B*  and  PGM-1 *  loci.  A  rare  allele  was  found  in  Goodman  Lake  white  crappie  for  the 
sMDH-B*  locus;  this  allele  was  called  the  *180  allele  based  on  its  mobility,  and  it  could 
be  the  same  allele  as  the  *147  allele  found  in  Dunham  et  al.  (1994).  We  also  found  a 
unique  allele  at  the  PGM-1*  locus  which  we  called  the  *135  allele. 

Some  uncertainty  exists  which  FH*  locus  is  useful  to  diagnose  between  the  black  crappie 
and  the  white  crappie.  Some  authors  report  using  the  FH-1*  locus  (Epifanio  and  Philipp 
1993;  Smith  et  al.  1994;  Travnichek  et  al.  1997a)  while  others  have  used  the  FH-2*  locus 
(Dunham  et  al.  1994;  Travnichek  et  al.  1996a;  Travnichek  et  al.  1996b;  Travnichek  et  al. 
1997b).  Epifanio  and  Philipp  (1994)  reported  that  FH-1*  was  diagnostic  between  the 
black  crappie  and  white  crappie  but  FH-2*  (from  muscle  tissue)  was  not  diagnostic.  The 
mobilities  of  FH*  alleles  in  our  study  were  similar  to  the  mobilities  reported  for  both  FH- 
1*  (Epifanio  and  Philipp  1993;  Epifanio  and  Philipp  1994)  and  FH-2*  (Travnichek  et  al. 
1996b).  Since  we  are  unsure  which  FH*  locus  we  looked  at,  and  since  the  FH-1*  locus  is 
linked  to  the  PGM-1*  locus  (Epifanio  and  Philipp  1993),  we  did  not  use  the  FH*  locus  to 
identify  hybrid  crappie. 


DISCUSSION 

In  the  Southern  Illinois  impoundments  we  studied,  the  Fx  hybrid  crappie  outnumbered  the 
Fj  hybrids.  Although  first  generation  hybrids  were  consistently  more  numerous  than  Fx 
hybrids  in  Weiss  Lake,  Alabama  (Dunham  et  al.  1994;  Smith  et  al.  1994;  Travnichek  et 
al.  1997a;  Travnichek  et  al.  1997b),  higher  order  hybrids  were  more  prevalent  than  F, 
hybrids  in  several  Tennessee  reservoirs  (Dunham  et  al.  1994).  Nine  of  the  13  Fx  hybrids 
found  in  our  study  were  identified  as  Fx  hybrids  based  solely  on  their  heterozygous  phe¬ 
notype  at  the  sMDH-B*  locus  (Table  3).  Eight  of  these  fish  were  found  in  Crab  Orchard 
Lake  and  the  remaining  fish  was  found  in  nearby  Goodman  Lake.  It  is  possible  that  intro- 
gression  of  the  white  crappie  allele  for  this  locus  occurred  at  some  point  in  the  history  of 
the  Crab  Orchard  crappie  community  and  that  the  sMDH  -B*  locus  is  not  useful  as  a 
diagnostic  locus  there.  Disregarding  the  sMDH  -B*  locus  as  a  diagnostic  locus  reduces 
the  percent  hybrid  crappie  in  Crab  Orchard  Lake  from  7.9%  to  3.0%  and  reduces  the  per¬ 
centage  of  hybrids  in  Goodman  Lake  from  4.1%  to  3.1%.  According  to  the  owner  of 
Goodman  Lake,  Crab  Orchard  Lake  was  connected  to  Goodman  Lake  by  a  very  small 
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overflow  stream  on  at  least  one  occasion.  The  rare  PGM- 7*  allele  we  found  in  Crab 
Orchard  Lake  was  also  found  in  Goodman  Lake,  suggesting  that  these  two  crappie  com¬ 
munities  have  some  limited  genetic  exchange. 

The  low  number  of  hybrids  found  kept  us  from  determining  which  factors  promote 
hybridization  in  Southern  Illinois;  however,  we  can  speculate  which  factors  could  result 
in  Fx  hybrids  outnumbering  Fj  hybrids  as  was  observed  in  our  study  communities. 
Dallmier  (1992)  suggested  that  conditions  which  influence  hybridization  can  fluctuate 
from  year  to  year.  If  conditions  favored  hybridization  in  1  year,  a  single  year  class  of  F} 
hybrids  would  be  produced  which  could  then  reproduce  over  several  seasons,  resulting  in 
several  year  classes  of  Fx  hybrid  crappie.  As  the  Fx  hybrids  reproduced  with  each  other 
and  backcrossed  with  the  parentals,  a  large  number  of  Fx  hybrids  would  be  produced  from 
just  a  single  season  of  interspecific  hybridization.  Another  possibility  is  that  the  single  Fj 
hybrid  year  class  could  mate  assortatively  and  create  a  large  year  class  of  F2  hybrids,  as 
demonstrated  by  Epifanio  et  al.  (1999).  Thus,  a  single  breeding  season  which  favored  the 
(rare)  hybridization  between  black  and  white  crappie  could  lead  to  several  year  classes  of 
Fx  crappie.  Although  hybrid  crappie  were  not  aged  in  this  study,  future  studies  should 
include  age  analysis  to  understand  the  dynamics  behind  hybridization. 

We  correctly  identified  crappie  97%  of  the  time  using  traditional  methods,  a  rate  which 
agreed  well  with  the  96%  success  rate  given  by  Buck  and  Hooe  (1986)  for  Illinois  crap¬ 
pie.  Smith  et  al.  (1995)  correctly  identified  57  -  89%  of  Alabama  crappie;  however,  they 
relied  solely  on  nape  length  and  dorsal  spine  count  while  we  used  coloration  as  well. 
Hybrid  crappie  were  often  mistaken  for  parental  species  (Dunham  et  al.  1994  and  Table 
4)  and  rarely  can  be  identified  in  the  field.  We  agree  with  Buck  and  Hooe  (1986)  that 
differences  between  the  hybrids  and  parentals  are  subtle  and  difficult  to  characterize.  Our 
experience  with  lab-reared  hybrid  crappie  has  indicated  that  hybrid  crappie  often  appear 
to  have  a  shape  intermediate  to  the  two  parental  species.  For  example,  the  nape  of  the 
white  crappie  is  longer  than  that  of  the  black  crappie,  making  the  white  crappie  appear 
more  elongate.  The  F,  hybrid  appears  have  a  nape  length  intermediate  to  the  two  paren¬ 
tals,  giving  it  a  more  “rounded”  shape  which  distinguishes  it  from  the  white  crappie  but 
which  seems  slightly  distinct  from  the  black  crappie  as  well.  Data  we  obtained  from  labo¬ 
ratory-spawned  crappie  indicated  that  mean  ratio  of  nape  length  to  dorsal  fin  length  was 
0.92  for  black  crappie,  1.00  for  Fj  hybrids,  and  1.14  for  white  crappie;  however,  much 
overlap  occurred  among  the  groups,  and  this  measurement  was  not  taken  on  crappie  sam¬ 
pled  from  the  wild.  Our  observations  also  indicate  that  the  hybrid  crappie  has  a  more 
“spotted”  coloration  similar  to  the  black  crappie,  but  the  spots  of  the  hybrid  appear  larger 
and  more  irregular  than  the  black  crappie.  Although  the  presence  of  hybrid  crappie  in 
Southern  Illinois  impoundments  provides  the  opportunity  for  misidentification  of  crappie 
taken  from  these  lakes,  the  low  number  of  hybrids  actually  present  suggests  that  misiden¬ 
tification  would  not  be  a  significant  problem. 
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Table  1.  Surface  area  and  mean  depth  of  Southern  Illinois  impoundments  from  which 
crappie  were  sampled  for  hybridization  analysis. 


Location 

Surface  Area  (ha) 

Mean  Depth  (m) 

Aldridge  Lake 

4 

1.0a 

Carlyle  Lake 

10, 522 

3.4 

Crab  Orchard  Lake 

2,819 

2.7 

Goodman  Lake 

la 

1.0a 

Kinkaid  Lake 

972 

7.6 

Lake  Sara 

586 

6.7 

Lake  Shelbyville 

4,  492 

5.8 

Rend  Lake 

7,  649 

3.0 

Estimated  values 


Table  2.  Number  of  black  crappie,  white  crappie,  Fj  hybrid  crappie,  Fx  hybrid  crappie, 
and  rate  of  crappie  hybridization  in  8  Southern  Illinois  impoundments. 


Location 

Black  crappie 

White  crappie 

F, 

F  a 

1  X 

Pet.  hybrids 

Aldridge  Lake 

1 

70 

0 

0 

0.0% 

Carlyle  Lake 

58 

119 

0 

1 

0.6% 

Crab  Orchard  Lake 

108 

44 

3 

10 

7.9% 

Goodman  Lake 

73 

21 

3 

1 

4.1% 

Kinkaid  Lake 

1 

33 

0 

1 

2.9% 

Rend  Lake 

26 

63 

1 

0 

1.1% 

Lake  Sara 

2 

9 

0 

0 

0.0% 

Lake  Shelbyville 

1 

118 

0 

0 

0.0% 

Tndicates  post-F]  hybrids  (any  cross  in  which  at  least  one  parent  was  a  hybrid). 
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Table  3.  Phenotypes  of  Fx  hybrid  crappie  at  4  diagnostic  allozyme  loci.3 


Location 

sMDH-B* 

PGM-1* 

GPI-A* 

FH-1* 

Carlyle  Lake 

100/129 

73/73 

100/109 

56/56 

Crab  Orchard  Lake 

100/129 

100/100 

100/100 

100/100 

Crab  Orchard  Lake 

100/129 

100/100 

100/100 

100/100 

Crab  Orchard  Lake 

100/129 

100/100 

100/100 

100/100 

Crab  Orchard  Lake 

100/129 

100/100 

100/100 

100/100 

Crab  Orchard  Lake 

100/129 

100/100 

100/100 

Crab  Orchard  Lake 

100/129 

100/100 

100/100 

100/100 

Crab  Orchard  Lake 

100/129 

100/100 

100/100 

100/100 

Crab  Orchard  Lake 

100/129 

100/100 

100/109 

100/100 

Crab  Orchard  Lake 

100/129 

100/135 

100/100 

Crab  Orchard  Lake 

100/100 

100/73 

100/100 

100/100 

Goodman  Lake 

100/129 

100/100 

100/100 

Kinkaid  Lake 

100/100 

100/73 

100/100 

3  Black  crappie  alleles  are  designated  as  100  or  135.  All  other  alleles  are  white  crappie 
alleles  and  are  labeled  according  to  their  mobility  relative  to  the  most  common  black 
crappie  allele  (100). 


Table  4.  Percentage  of  misidentified  crappie  as  determined  by  allozyme  electrophoresis. 


Actual  identification 

Initial  identification  Observed  Black _ White  F]  Fx  Pet,  correct 

Black  crappie  287  269  0  7  11  93.7  % 

White  crappie  479  1  477  0  1  99.6  % 

F,  1  0  0  0  1  0.0  % 

Fx 


Table  5.  Allele  frequencies  of  5  diagnostic  allozyme  loci  for  black  crappie,  white  crappie,  and  their  hybrids  from  8  Southern  Illinois  impound¬ 
ments. 


129 


i  *n 
i  "O 

i  ,''i 

I  * 


*  i  WiO 

1^'  333  I  *"1 

C3  j  * 


Cl. 


* 

CQ 

i 


* 

I 

a, 

U 


IK 

i  * 


i  O 

!  0O 

!  "-I 

i  * 


u,  I  On 
<D  i  (N 
i  '-i 
o3i* 


O 

O 

* 


"2 


Ion 

iO 

|  T— "H 

O  i  * 

* ; 

2 ! 

i  ■ 

rt  .  O 

!  O 

i 

O! 

;  * 

JV 

O 

o 

r'-l 

* 

. 

*  .  HH 

03 

i: 

bp! 

lo 

‘n 

* 

CO 

o 

'"I 

* 


* 


u 

po 

o3 

hJ 


o 

o 


o 

o 


o 

r- 


o 

o 


o 

o 


o 

r- 


o 

o 


o 

o 


o 


o 

o 


r- 

in 


o 

o 


co 


o 

o 


o 

o 


00 

in 


ON 


o 

o 


o 

o 


o 

o 


<D 

M 

a 

J 

<l>  >> 

f  J 

2  CQ 

< 


<D 

<4—* 
•  »— H 

03 

£ 


<D 

03 

h-1 


<D 


Ph  Ph 


o 

>*£ 

*3  PQ 

03 

u 


o 

o 


o 

o 


CN 

m  on 


o 

o 


r-l  Cx) 

<N  NO 


O 

o 


in 

in 


<u 


r- 

m 

in 

r» 

o 

o 

o 

’-H 

o 

o 

d 

d 

co 

o 

o 

m 

co 

o 

ON 

m 

ON 

ON 

co 

p 

d 

o 

o 

d 

d 

O 

o 

m 

o 

o 

O 

in 

o 

o 

m 

d 

d 

d 

0 

n\ 

-r-4- 

co 

o 

co 

PH. 

1 

co 

o 

o 


>n 


Ph  Ph 


<D 

i— 1 

T3 

H 

o3 

03 

a  od 

o  a 
5 
u 


<D 

is 

£ 


m 

o 


o 

o 

o 

in 

m 

o 

o 

m 

o 

m 

ON 

in 

•n 

d 

t-H 

d 

o 

o 

d 

d 

o 

o 

o 

in 

o 

o 

o 

m 

o 

in 

•n 

p 

in 

wo 

o 

T—l 

o 

o 

T— 1 

d 

d 

- 

00 

o 

44 

co 

o 

CO 

r- 

CN 

CO 

- 

o 

o 

o 

m 

O 

o 

•n 

p 

m 

o 

O 

in 

o 

d 

d 

1—1 

d 

o 

o 

o 

m 

o 

o 

o 

m 

o 

m 

ON 

o 

m 

o 

o 

T_l 

d 

o 

1 

d 

- 

105 

32 

co 

o 

73 

20 

CO 

i— H 

o 

o 

o 

o 

m 

p 

o 

1 

o 

o 

o 

o 

p 

>n 

,_l 

T_H 

d 

t-H 

66 

39 

(N 

oo 

o 

o 


(N 


PP  PP 


<u 

% 

H-] 

c 

03 

2 

~o 

o 

o 

a 


o 

2 

5 


<D 

>4—4 

12 

£ 


Ph  Ph 


aSample  size  (N)  indicates  the  number  of  fish  of  each  species  or  hybrid  which  were  screened  at  that  locus. 


Table  5.  continued. 
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Sample  size  (N)  indicates  the  number  of  fish  of  each  species  or  hybrid  which  were  screened  at  that  locus. 


Table  6.  Allelic  mobility  at  5  allozyme  loci  of  crappie  sampled  in  our  study  compared  to  allelic  mobility  of  crappie  sampled  in  other  studies.3 
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Figure  1.  Location  of  Southern  Illinois  impoundments  from  which  crappie  were  sam¬ 
pled  for  hybridization  analysis  (SB  =  Lake  Shelbyville,  SA  =  Lake  Sara,  RN  = 
Rend  Lake,  GM  =  Goodman  Lake,  AL  =  Aldridge  Lake,  CO  =  Crab  Orchard 
Lake,  KN  =  Kinkaid  Lake,  and  CA  =  Carlyle  Lake). 
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Figure  2.  Direction  of  introgression  indicated  by  a  frequency  distribution  of  allele 
scores  of  Fx  hybrid  crappie  (N  =  13).  A  score  of  0.000  would  indicate  a  phe¬ 
notypic  black  crappie  while  a  score  of  1.000  would  indicate  a  phenotypic 
white  crappie. 
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ABSTRACT 

We  conducted  aerial  surveys  of  8  southern  Illinois  watersheds  to  estimate  and  compare 
regional  differences  in  relative  abundance  of  beaver  ( Castor  canadensis ).  We  randomly 
selected  township  sections  to  sample  wetland  habitats  within  a  unit.  Sample  blocks  were 
searched  with  a  Bell  Model  206-L  helicopter  between  24  November  2000  and  19  March 
2001  to  detect  sign  of  beaver  presence  associated  with  wetland  classes  within  the  blocks. 
Geographical  information  system  (GIS)  software  was  used  to  compute  area  of  each  wet¬ 
land  class  in  the  entire  watershed.  Density  of  sign  associated  with  each  wetland  type  was 
calculated  by  summing  the  amount  of  sign  associated  with  a  wetland  type  and  dividing  by 
its  total  area  in  the  watershed.  We  found  evidence  of  beaver  in  43.5%  of  blocks  surveyed. 
Stream  habitats  accounted  for  ~84%  of  the  number  of  estimated  colonies  in  all  water¬ 
sheds;  and  in  spite  of  variability,  we  concluded  that  colonies/km  stream  was  a  useful 
measure  of  beaver  relative  abundance  between  watersheds.  The  Cache,  Vermillion,  and 
Bay  Creek  watersheds  had  the  highest  stream  densities,  but  the  Embarras  and  Big  Muddy 
watershed  had  greater  numbers  of  estimated  colonies  inhabiting  streams. 


INTRODUCTION 

Conservation  programs  that  succeeded  in  restoring  beavers  ( Castor  canadensis )  after 
their  near  extirpation  in  many  parts  of  North  America  are  now  expected  to  accommodate 
diverse  and  sometimes  divergent  interests.  For  example,  dams  created  by  beavers  can 
affect  humans  positively  by  improving  wildlife  diversity,  storing  runoff,  trapping  sedi¬ 
ment,  and  reducing  erosion,  or  negatively  by  flooding  crops,  roads,  residences,  and  criti¬ 
cal  habitats  for  endangered  and  threatened  species  (Hill  1982,  Hammerson  1994).  Public 
agencies  that  are  responsible  for  maintaining  ecosystem  benefits  while  minimizing 
human  conflicts  usually  rely  on  regulated  trapping  and  wildlife  damage  management 
programs  to  resolve  local  problems  and,  at  times,  manipulate  population  levels  on  a 
broader  scale  (Organ  et  al.  1998). 
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Information  about  population  levels  allows  agencies  to  establish  responsible  limits  on 
harvest  and  document  progress  toward  broader  management  objectives  (Novak  1987). 
Aerial  counts  of  beaver  lodges,  food  caches  and  cuttings  have  been  used  for  this  purpose 
for  more  than  a  half  century  (Swank  and  Glover  1948).  Although  some  studies  have 
reported  poor  relationships  between  numbers  of  colonies  detected  from  the  air  and  those 
located  by  intensive  ground  searches  (Novak  1987,  Langlois  1999),  the  method  generally 
is  considered  reliable  for  boreal  forest  and  montane  habitats  (Hill  1982)  where,  despite 
varied  protocols,  observers  typically  detect  70-100%  of  active  colonies  (e.g.,  Fuller  1953, 
Hay  1958,  Bergerud  and  Miller  1977,  Payne  1981,  Swenson  et  al.  1983). 

Few  studies  have  evaluated  aerial  surveys  in  central  and  southern  portions  of  the  beaver’s 
range.  Intuitively,  the  method  might  perform  poorly  compared  to  northern  latitudes 
because  beavers  are  less  likely  to  construct  lodges  and  caches  in  areas  with  mild  climates 
(Hill  1982).  Topography,  vegetative  cover,  and  chronology  of  leaf  drop,  cache  building 
activities,  and  ice  formation  also  affect  detection  rates  (Brown  and  Parsons  1982,  Novak 
1987,  Broschart  et  al.  1989,  Robel  and  Fox  1993)  so  protocols  might  need  to  be  tailored 
to  regional  conditions.  Given  these  uncertainties,  we  initiated  a  study  to  evaluate  methods 
to  monitor  the  relative  abundance  of  beavers  in  Illinois,  recommend  methods  and  sam¬ 
pling  strategies  adequate  to  detect  a  20%  change  in  the  statewide  population,  and  estimate 
and  compare  regional  differences  in  relative  abundance.  Woolf  and  Nelson  (2002) 
reported  study  results  in  a  Federal  Aid  in  Wildlife  Restoration  Final  Performance  Report; 
here  we  present  results  of  aerial  surveys  in  8  southern  Illinois  watersheds. 

METHODS 


Sample  Plot  Selection 

Maps  of  8  southern  Illinois  watersheds  (Bay  Creek,  Big  Muddy,  Cache,  Embarras,  Kas- 
kaskia,  Little  Wabash,  Saline,  and  Vermilion)  were  prepared  using  ArcView  (Environ¬ 
mental  Systems  Research  Institute,  Redlands,  California,  USA)  Geographical  Informa¬ 
tion  System  (GIS)  software.  Wetlands  identified  in  the  Illinois  land  cover  database 
(Luman  et  al.  1996)  were  aggregated  into  the  following  classes:  streams,  permanent  wet¬ 
lands  (wooded  and  other),  and  intermittent  wetlands  (wooded  and  other).  Streams 
included  perennial  waterways,  ditches,  and  the  shorelines  of  large  rivers  identified  from 
the  1994  Topologically  Integrated  Geographic  Encoding  and  Referencing  data  files 
(TIGER,  1:1,000,000  scale).  Wooded  palustrine  wetlands  included  riparian  woods  and 
palustrine  forested  wetlands.  The  category  “other”  consisted  of  ponds  and  lakes  >1  ha  in 
size  and  all  other  classes  of  non-wooded  permanent  wetlands.  Intermittent  wetlands  con¬ 
sisted  of  wooded  and  non-wooded  intermittent  wetlands  >5  ha  in  size.  We  then  used  the 
GIS  software  to  compute  area  of  each  wetland  class  in  the  entire  watershed. 

We  randomly  selected  townships  and  township  sections  in  the  watershed  to  sample  habi¬ 
tats  within  the  unit.  Individual  township  sections  were  kept  as  sampling  units  as  long  as 
areas  classified  as  water  were  within  their  boundaries;  sections  without  water  were  dis¬ 
carded.  We  traced  boundaries  of  retained  township  sections  to  clip  the  water  grid.  The 
number  of  pixels  in  each  category  was  recorded  for  each  sampling  block.  We  chose  addi¬ 
tional  township  sections  until  the  total  percent  composition  of  pixels  within  the  sampling 
blocks  approximated  the  percent  composition  of  pixels  in  the  entire  watershed. 
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Preliminary  trials  indicated  that  20  blocks  per  watershed  approximated  wetland  composi¬ 
tion  of  the  entire  watershed,  except  that  30  blocks  were  selected  for  the  Kaskaskia  Water¬ 
shed  (the  largest).  Sampling  blocks  were  identified  by  the  number  assigned  to  the  town¬ 
ship  by  the  Illinois  Department  of  Natural  Resources  (1996)  and  the  number  of  the  town¬ 
ship  section  chosen  (1-36). 

Aerial  Survey 

We  delineated  sample  blocks  on  United  States  Geological  Survey  (USGS)  7.5  minute 
topographic  maps.  Coordinates  of  1  corner  were  determined  and  entered  into  a  Global 
Positioning  System  (GPS)  unit  to  facilitate  navigation  from  block  to  block.  We  flew  the 
survey  with  a  Bell  Jet  Ranger  (Model  206-L)  helicopter  and  a  crew  consisting  of  the  pilot 
and  2  observers.  The  observers  sat  in  front  and  back  seats  on  the  left  side  of  the  aircraft 
so  both  could  search  the  same  area  and  verify  sightings.  All  aquatic  habitats  within  a  plot 
were  searched  at  slow  airspeeds  (<50  knots)  and  low  altitudes  (<100  m  above  ground 
level)  selected  to  optimize  observations  consistent  with  safety.  Sign  of  beaver  presence 
was  classified  as  cuttings,  food  cache/lodge,  dams,  or  other  and  recorded  on  the  7.5  min¬ 
ute  topographic  map.  We  also  recorded  crew,  weather  conditions  (ceiling,  visibility,  and 
wind  direction/velocity),  and  flight  times  (block  searches  and  total). 

Data  Management  and  Analyses 

Beaver  sign  observed  and  mapped  on  printed  topographic  maps  during  the  aerial  surveys 
was  digitized  from  an  on-screen  display  of  the  topographic  map  using  ArcView  and 
ArcMap  (Environmental  Systems  Research  Institute,  Redlands,  California,  USA).  Digital 
versions  of  the  USGS  7.5'  topographic  maps  and  digital  orthophotographic  quarter  quad¬ 
rangles  (DOQQ)  for  each  sample  unit  were  downloaded  from  the  Illinois  Natural 
Resources  Geospatial  Data  Clearinghouse  (http://www.isgs.uiuc.edu/nsdihome/ISGS 
index.html).  Sign  was  classified  as  dam,  cache/lodge,  and  other.  Bank  dens  were  included 
as  cache/lodge,  and  other  included  cuttings,  peeled  sticks,  and  slides.  Additional 
information  added  to  the  attribute  table  for  the  locations  included  sample  unit  number, 
topographic  map  name,  type  of  sign,  survey  type,  and  time  of  survey. 

Sign  was  assigned  an  association  based  on  the  closest  proximity  to  one  of  the  categories 
(streams,  lacustrine  <10  ha,  lacustrine  10  -  100  ha,  lacustrine  >100  ha,  and  palustrine- 
emergent).  Beaver  sign  density  was  calculated  on  a  regional  basis  by  watershed.  We  cal¬ 
culated  the  density  of  sign  associated  with  each  wetland  type  by  summing  the  amount  of 
each  type  of  sign  associated  with  the  wetland  type  and  dividing  by  its  total  area  in  the 
watershed  .  Sign  classified  as  “other”  was  considered  a  single  occurrence  when  it 
occurred  as  a  group  >750  m  from  another  occurrence  of  sign  classed  in  the  “other”  cate¬ 
gory.  Presence  of  2  types  of  sign  at  the  same  location  (e.g.,  a  food  cache  and  a  dam  or 
cuttings)  also  was  considered  a  single  occurrence. 

RESULTS 


Aerial  Survey 

The  aerial  survey  included  170  2.59-km2  plots  (township  sections)  randomly  selected  in  8 
southern  Illinois  watersheds  (Bay  Creek,  Big  Muddy,  Cache,  Embarras,  Kaskaskia,  Little 
Wabash,  Saline,  and  Vermilion;  Fig.  1).  The  blocks  were  sampled  between  24  November 
2000  and  19  March  2001;  44.5  hrs  flight  time  were  required.  Evidence  of  beaver  occu- 
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pancy  was  detected  in  43.5%  of  blocks  surveyed  (Table  1).  Blocks  ( n  =  30)  where  beaver 
sign  was  not  detected  were  ground  searched  in  the  Big  Muddy,  Cache,  and  Saline  water¬ 
sheds  to  evaluate  reliability  of  the  aerial  search;  negative  aerial  results  were  correct 
(absence  of  beaver  sign  confirmed  by  ground  search)  80%  (range  75-90%)  of  the  time. 

Surveys  of  the  Embarras  Watershed  in  blocks  east  of  Olney,  Illinois  and  the  upper  half  of 
the  Wabash  Watershed  were  flown  during  high  water  conditions  that  made  sighting  food 
caches  difficult  and  may  have  covered  fresh  cuttings  at  the  base  of  trees.  Ice  and  snow 
cover  precluded  surveys  in  December;  these  conditions  persisted  in  January  and 
increased  the  probability  that  sign  was  missed  during  survey  flights  of  Wabash,  Saline, 
and  Bay  Creek  watersheds.  By  late  January,  ice/snow  cover  and  high  water  were  no 
longer  a  factor  and  the  final  5  surveys  were  flown  under  good  to  excellent  conditions 
except  for  high  water  in  a  few  blocks  of  the  Big  Muddy  Watershed.  Overall,  ambient 
weather  or  flight  conditions  adversely  affected  results  of  surveys  of  3  watersheds  and 
portions  of  2  others.  Hence,  estimates  of  sign  abundance  in  these  watersheds  are  conser¬ 
vative. 

Regional  Relative  Abundance 

The  estimated  number  of  beaver  colonies  in  a  watershed  is  a  function  of  quantity  and 
suitability  (quality)  of  available  habitat.  Greatest  variability  was  in  stream  habitats  and 
that  is  reflected  in  the  stream  density  estimates  based  on  observed  sign  and  sign/unit  area 
multiplied  by  quantity  of  that  habitat  in  the  watershed  (Table  2).  The  Cache,  Vermilion, 
and  Bay  Creek  watersheds  had  the  highest  estimated  stream  densities,  but  2  other  water¬ 
sheds  (Embarras  and  Big  Muddy)  had  greater  numbers  of  estimated  colonies  inhabiting 
streams  than  either  Cache,  Vermillion,  or  Bay  Creek;  and  Bay  Creek  had  the  lowest  esti¬ 
mated  number  of  colonies  among  the  8  watersheds  surveyed  (Table  2). 

DISCUSSION 

Our  aerial  survey  reliably  detected  presence  of  beaver  in  sample  blocks,  and  the  sample 
scheme  proportionally  represented  the  type  and  quantity  of  wetland  habitats  in  water¬ 
sheds  (see  Woolf  and  Nelson  2002  for  supporting  data).  Stream  habitats  accounted  for 
-84%  of  the  number  of  estimated  colonies  in  all  watersheds  (Table  2);  only  in  the  Big 
Muddy  Watershed  were  other  habitats  a  relatively  important  contributor  (-35%)  to  the 
estimated  total  number  of  colonies.  Therefore,  we  suggest  that  colonies/km  stream  is  a 
useful  measure  of  beaver  relative  abundance  between  watersheds. 

We  excluded  large  lakes  (which  we  defined  as  >100  ha)  from  the  watershed-based  sam¬ 
pling  scheme  we  used  to  estimate  and  compare  regional  abundance  although  we  recog¬ 
nized  they  could  be  important  components  of  the  total  beaver  population  in  some  water¬ 
sheds.  Woolf  and  Nelson  (2002)  justified  their  exclusion  because  their  distribution  was 
restricted  (none  were  present  in  many  watersheds),  and  they  were  not  amenable  to  the 
aerial  sampling  scheme.  For  example,  there  were  9  such  lakes  in  the  Big  Muddy  Water¬ 
shed,  2  in  the  Cache,  and  1  in  the  Saline  and  our  sample  blocks  only  included  small  por¬ 
tions  of  2  lakes  in  the  Big  Muddy  and  1  in  the  Cache.  Only  1  other  large  lake  (in  the  Lit¬ 
tle  Wabash)  was  included  in  the  randomly  selected  aerial  survey  blocks.  Further,  data 
presented  by  Woolf  and  Nelson  (2002)  revealed  greater  than  2-fold  differences  in  number 
of  food  caches/lodges/km  shoreline  among  lakes,  and  observations  revealed  clumped 
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distribution  of  sign  based  on  physical  and  biotic  features  of  individual  lakes.  Such  varia¬ 
tion  and  non-random  distribution  would  not  be  adequately  sampled  in  our  aerial  survey 
design.  Finally,  in  our  limited  evaluation,  beaver  colonies  inhabiting  large  lakes  only 
accounted  for  <15%  of  the  total  number  of  colonies  estimated  to  be  present  in  other 
habitats.  Importantly,  addition  of  the  estimated  number  of  colonies  associated  with  large 
lakes  in  the  8  watersheds  we  studied  would  not  change  the  rankings  of  relative  abun¬ 
dance. 

Although  not  an  objective  of  this  project,  our  findings  afforded  opportunity  to  assess 
validity  of  previously  reported  rankings  of  7  of  the  8  (Vermilion  excluded)  watersheds 
based  on  models  to  predict  habitat  suitability  for  river  otter  (Woolf  1997).  When  devel¬ 
oping  the  otter  models,  we  had  assumed  that  similar  attributes  defined  habitat  quality  for 
both  beavers  and  otters,  and  data  supported  that  assumption  (Schieler  1995).  If  this 
assumption  was  correct,  and  our  models  had  validity,  we  hypothesized  that  watersheds 
ranked  according  to  beaver  abundance  (colonies/km  stream)  would  be  similar  to  rankings 
from  otter  models  (Woolf  1997).  Indeed,  this  was  the  case;  the  top  3  watersheds  were 
similar  in  all  comparisons,  albeit  rankings  did  not  agree  100%.  Further,  the  Saline  Water¬ 
shed  ranked  in  the  middle  of  all  comparisons  and  the  bottom  grouping  was  similar  (Table 
3).  These  comparisons  support  our  conclusions  concerning  both  the  otter  habitat  models 
and  the  aerial  survey  for  beaver  sign;  both  appear  to  offer  valid  tools  for  science-based 
management. 
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Table  1.  Aerial  search  of  sample  blocks  to  detect  beaver  sign  in  8  southern  Illinois  water¬ 
sheds,  November  2000  -  March  2001. 


Watershed  Number  of  blocks  Blocks  with  sign  Sign  present  (%) 


Bay  Creek 

20 

10 

50 

Big  Muddy 

20 

14 

70 

Cache 

20 

11 

55 

Embarrass 

20 

8 

40 

Kaskaskia 

30 

5 

17 

Little  Wabash 

20 

7 

35 

Saline 

20 

11 

55 

Vermilion 

20 

8 

40 

170 

74 

43.5 

Table  2.  Estimated  number  of  beaver  colonies  in  8  southern  Illinois  watersheds  calculated  from  density  estimates  derived  from  helicopter  aerial 
survey  conducted  24  November  2000  -  19  March  2001. 
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Table  3.  Watershed  (PMU)  rankings  (colonies/km  stream)  derived  from  the  November 
2000  -  March  2001  aerial  survey  (excluding  the  Vermilion  Watershed)  com¬ 
pared  to  the  rankings  of  the  watersheds  from  Woolf  (1997). 


Watershed  (PMU) 

Colonies/km  stream 

Average  Rank  Score2 

HIS>80b 

Bay  Creek  (17) 

2 

1 

2 

Big  Muddy  (15) 

3 

2 

1 

Cache  (16) 

1 

3 

3 

Embarras  (20) 

5 

7 

7 

Kaskaskia  (14) 

6 

5 

5 

Little  Wabash  (19) 

7 

6 

6 

Saline  (18) 

4 

4 

4 

aWoolf(  1997: 144) 
bWoolf  (1997: 145) 
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Figure  1.  Location  of  beaver  aerial  survey  blocks  in  8  southern  Illinois  watersheds. 
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BOOK  REVIEW  2003- #2 

Chadde,  Steve  W.  A  Great  Lakes  Wetland  Flora:  A  Complete  Guide  to  the  Aquatic  and 
Wetland  Plants  of  the  Upper  Midwest.  Second  Edition.  2002.  vi  +  648  pages;  dichoto¬ 
mous  keys;  descriptions;  illustrations;  references;  illustration  credits;  appendices;  index. 
PocketFlora  Press,  Laurium,  Michigan.  Soft  Cover.  ISBN  0-9651385-5-0.  Price:  US$ 
30.95.  Available  from  PocketFlora  Press,  436  Hecla  Street,  Laurium,  MI  49913. 

Already,  we  have  available  the  second  edition  of  Chadde’ s  useful  manual,  A  Great  Lakes 
Wetland  Flora.  The  first  edition  was  published  rather  recently  (1998),  and  was  reviewed 
here  [93  (4):  309-310,  2000].  The  second  edition  takes  the  same  effective  approach  as  the 
first  edition  in  the  systematic  treatment  of  the  types  of  wetland  communities  and  the  flo- 
ristic  elements  of  the  upper  Midwest.  However,  the  current  edition  has  numerous  note¬ 
worthy  changes  and  new  features,  which  have  improved  its  utility  over  the  previous  edi¬ 
tion. 

At  first,  one  notices  the  manual’s  longer  and  narrower  dimensions  resulting  in  a  more 
convenient  pocket  or  side  pouch  book  for  field  activities  (ca.  22  x  13  x  4  cm).  The 
dichotomous  keys  now  have  paired  Arabic  numerals  for  each  set  of  couplets,  which 
facilitates  their  usage.  In  addition  to  some  new  illustrations,  the  former  illustrations  are 
enhanced,  improved  with  respect  to  selected  structural  details,  and  critical  structures  are 
labeled  for  selected  species  throughout  the  manual.  Two  to  several  illustrations  may 
occur  on  a  single  page  or  on  part  of  a  page,  but  there  is  no  confusion  as  to  what  species 
the  illustration  belongs,  because  each  is  clearly  labeled  with  its  Latin  name  and  its  com¬ 
mon  name.  Also,  illustrations  are  usually  placed  within  a  page  or  two  of  their  corre¬ 
sponding  written  descriptions. 

The  paragraph  descriptions  of  species  follow  the  same  format  where  major  structural 
features  (stems,  leaves,  flowers,  etc.)  are  in  bold  print  and  thus  quickly  located,  which  is 
often  desirable  when  comparing  species.  Habitat  and  range  information  are  now  included 
in  the  paragraph  descriptions  of  species,  but  are  easily  found  by  different  symbols  at  the 
beginning  of  their  respective  sentences.  Particularly  noteworthy  are  the  annotations  for 
selected  species  located  in  the  ruled-off  left-hand  margins  (2.5  cm)  adjacent  to  their  cor¬ 
responding  descriptions.  These  annotations  may  address  one  or  more  of  the  following: 
toxicity,  conservation  concerns  (endangered  or  threatened),  and  comments  of  special 
interest.  In  addition  to  the  annotations,  marginal  spaces  are  used  for  illustrating  selected 
structural  features  as  well.  This  is  especially  helpful  in  the  treatment  of  Car  ex,  where  the 
perigynium  is  illustrated  with  each  species  description. 

The  introductory  coverages  of  the  major  vascular  plant  groups  (ferns  and  fern  allies, 
gymnosperms,  angiosperms,  and  some  subcategories)  are  enlarged.  But  it  is  in  these  parts 
of  the  book  where  some  noticeable  errors  occur  with  respect  to  terminological  usage, 
especially  in  the  treatment  of  the  ferns  and  fern  allies.  The  author’s  photographs  are  new 
additions,  well  selected,  and  support  textual  materials  especially  in  the  treatment  of  types 
of  wetland  communities  and  major  vascular  plant  groups. 

The  second  edition  of  Chadde’s  manual,  A  Great  Lakes  Wetland  Flora,  is  most  welcome. 
And  in  spite  of  some  criticism,  this  manual  is  indispensable  for  essentially  anyone  work- 
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ing  with,  or  interested  in  learning  about,  aquatic  and  wetland  plants  of  the  upper  Mid¬ 
west. 

Reviewers:  James  R.  Rastorfer,  Chicago  State  University,  Chicago,  IL  60628  and  Judith 
B.  Rastorfer,  547  Lakewood  Blvd.,  Park  Forest,  IL  60466 

Note:  For  matters  concerning  book  reviews  please  contact  James  R.  Rastorfer,  Book 
Review  Editor,  Department  of  Biological  Sciences,  Chicago  State  University,  9501  South 
King  Drive,  Chicago,  IL  60628;  773-995-2426;  j-rastorfer@csu.edu 
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The  Illinois  State  Academy  of  Science  offers  competitive  research  grant  opportunities  to 
undergraduate  and  graduate  students  enrolled  in  Illinois  colleges  and  universities.  The 
research  grants  may  support  scientific  study  in  any  field.  Undergraduate  students  may 
receive  an  award  up  to  $200,  while  graduate  students  may  receive  up  to  $400. 

November  1  of  each  year  is  the  application  deadline  for  awards  which  will  be  funded  the 
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ABSTRACT 

Seed  companies  have  developed  transgenic  maize  ( Zea  mays  L.)  hybrids  resistant  to 
European  corn  borer  (ECB)  [ Ostrinia  nubilalis  (Hiibner)].  However,  the  impact  of  this  Bt 
(. Bacillus  thuringiensis )  gene  on  other  plant  processes  has  not  been  fully  researched.  In 
1997  and  1999,  a  study  at  Central  Golden  Harvest  Research  in  Clinton,  IL  focused  on 
how  the  Bt  gene  affects  gas  exchange  and  yields  of  maize  with  and  without  ECB  infesta¬ 
tion.  Bt  and  non-Bt  isogenic  pairs  were  planted  with  or  without  nets  and/or  insecticides  to 
eliminate  natural  infestation  of  ECB,  and  with  or  without  manual  infestation  of  ECB. 
Rates  of  photosynthesis  and  transpiration  were  similar  for  Bt  and  non-Bt  plants  regardless 
of  ECB  infestation.  In  1997  and  1999,  yields  were  not  significantly  different  for  Bt  and 
non-Bt  plants,  but  in  1999  yields  were  significantly  higher  in  plants  with  nets  or  insecti¬ 
cides  compared  to  no  nets  or  insecticides.  In  1997,  kernel  mass  was  significantly  higher 
for  Bt  than  non-Bt  plants  (28.6  and  26.7  g,  respectively,  for  100  kernels).  In  1999,  kernel 
mass  was  not  significantly  different  between  Bt  and  non-Bt  plants;  however  for  one 
isogenic  pair  of  hybrids,  plants  with  nets  and  insecticide  had  significantly  larger  kernels 
than  those  without  insecticide.  Seed  vigor  showed  no  significant  differences  for  germina¬ 
tion  percentages  or  root  lengths.  Thus,  Bt  genes  had  no  significant  effects  on  gas 
exchange  or  yields  regardless  of  ECB  infestation,  but  had  a  significant  effect  on  kernel 
mass  in  1997. 


INTRODUCTION 

European  corn  borer  (ECB),  Ostrinia  nubilalis  (Hiibner),  is  a  pest  responsible  for  great 
damage  to  maize  in  the  United  States  Corn  Belt.  ECB  is  responsible  for  annual  maize 
production  losses  of  several  millions  of  dollars  in  the  northern  Corn  Belt  (Barry  and  Dar- 
rah  1991,  Lauer  and  Wedberg  1999,  Russnogle  1997). 

One  method  to  combat  the  destructive  behavior  of  this  pest  is  the  insertion  of  a  Bt  gene 
from  a  soil-bacterium  ( Bacillus  thuringiensis )  into  the  corn  genome.  The  inserted  Bt  gene 
directs  the  plant  to  produce  a  Cry  protein.  When  ingested  by  ECB  after  eating  stems  and 
leaves,  this  protein  causes  the  digestive  system  of  ECB  to  become  inactive  (Hyde  et  al. 
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1999).  Many  maize  hybrids  have  been  engineered  to  produce  actively  the  Bt  protein  only 
in  the  leaf  and  stalk  tissues  but  not  in  the  kernels  or  pollen  (Mason  et  al.  1996).  The  pro¬ 
tein  toxin  in  the  leaf  and  stalk  is  an  effective  control  for  the  first  and  second  generation  of 
the  borer  (Mason  et  al.  1996,  Traore  et  al.  2000).  A  benefit  of  genetic  engineering  of 
maize  is  the  inhibition  of  the  development  of  ECB,  but  it  also  allows  farmers  to  decrease 
the  amount  of  pesticides  applied  to  the  field,  which  is  a  beneficial  environmental  practice. 

Transition  insects  such  as  boring  insects  may  cause  physiological  problems  by  decreasing 
the  photosynthetic  rate,  and  therefore  slowing  the  productivity  of  the  plant  (Mason  et  al. 
1996).  How  the  Bt  gene  affects  the  maize  plant  through  physiological  factors  such  as  gas 
exchange  and  water  movement  is  not  clear.  The  Bt  gene  decreases  the  damage  due  to 
infestation  of  the  European  corn  borer,  but  whether  a  cost  occurs  as  decreased  yields, 
inhibited  photosynthesis  and  transpiration,  reduced  rates  of  growth  and  development,  or 
lower  seed  vigor  is  unclear.  European  corn  borer  feeding  on  vascular  tissues  can  influ¬ 
ence  grain  weight  by  interfering  with  photosynthate  assimilation  and  movement  to  the 
grain  (Calvin  et  al.  1988). 

The  focus  of  this  study  is  to  determine  if  the  Bt  construct  incurs  a  physiological  cost  or 
loss  in  yield  to  the  plant  expressing  that  bacterial  gene.  Differences  between  Bt  hybrids 
and  their  non-transgenic  counterparts  were  compared  for  photosynthesis  and  transpiration 
levels,  kernel  totals,  kernel  mass,  and  seed  vigor  (from  germination  and  root  lengths). 
These  parameters  were  compared  for  Bt  and  non-Bt  hybrids  with  several  treatments  to 
alter  ECB  infestation.  These  treatments  consisted  of  manual  infestation  with  European 
corn  borer  (2  times  during  growing  season),  and  the  use  of  nets  covering  the  corn  or  the 
application  of  an  insecticide  to  prevent  natural  ECB  infestation. 

MATERIALS  AND  METHODS 

Three  isogenic  pairs  of  Zea  mays  (L.)  hybrids  were  used:  H-2493  and  H-2493Bt  (1997); 
H-2581  and  H-9481Bt  (1999);  and  H-9345  and  999803Bt  (1999)  with  maturation  times 
of  109,  114  and  114  days,  respectively.  Choices  of  hybrid  pairs  in  each  year  were 
dependent  upon  the  seed  availability  from  seed  banks.  Each  pair  contains  a  transgenic 
(resistant)  and  non-transgenic  (susceptible)  line.  The  transgenic  hybrids  contain  the 
Bacillus  thuringiensis  (Bt)  gene.  Hybrids  were  planted  at  Central  Golden  Harvest 
Research,  Clinton,  IL  on  May  22,  1997  and  May  26,  1999.  The  plots  were  planted  with  a 
Kinze  4  row  cone  plot  planter  (Almaco,  Nevada,  IA).  Plots  were  4.6  m  long  and  0.8  m 
apart.  Seeds  were  placed  at  a  depth  of  5  cm  with  25  seeds  per  row  and  thinned  to  20 
plants  per  row  at  the  five-leaf  stage.  Each  whole  plot  consisted  of  all  the  treatments  and 
each  plot  was  a  treatment-hybrid  combination  consisting  of  a  single  row  for  an  area  of  3.7 
m2.  For  each  treatment  there  were  5  replications  for  1997  and  4  replications  for  1999  in 
the  field  study.  Seed  was  planted  in  a  Sable  soil  which  is  a  poorly  drained  soil  in  swales 
and  on  flats  in  the  uplands  (Windhorn  1991).  Both  years,  in  mid- April  before  planting, 
nitrogen  was  added  to  the  soil  as  a  28%  liquid  solution  (by  weight),  that  was  a  mixture  of 
ammonium  nitrate  and  urea,  marketed  commercially  as  URAN.  Dual  II  (pre-plant)  and 
Atrex  4L  (post-emergence)  herbicides  were  applied  in  1997  at  the  recommended  rates. 
Dual  II  (pre-plant)  and  Spirit  (post-emergence)  herbicides  were  applied  in  1999  at  the 
recommended  rates.  In  1999,  an  insecticide,  Lorsban  diluted  at  300  ml  per  hectare,  was 
applied  for  control  of  rootworm  beetles  near  mid-flowering.  Environmental  parameters 
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for  heat  units  and  precipitation  (Figs.  1  and  2)  were  recorded  at  the  Golden  Harvest 
weather  station  (GHWS)  in  1997  and  1999  except  for  March  16  -  August  31,  1999  when 
parameters  were  recorded  at  Lincoln,  IL  weather  station  due  to  a  lightning  strike  at  the 
Golden  Harvest  weather  station. 

The  first  year  (1997)  and  second  year  (1999)  consisted  of  a  stratified  random  arrange¬ 
ment  of  the  hybrids.  In  1997  the  plots  were  arranged  where  the  hybrids  were  either 
infested  with  European  corn  borer  (ECB)  or  sprayed  with  a  pesticide  to  stop  the  natural 
infestation.  In  1999,  the  experimental  design  was  changed  to  incorporate  the  use  of  nets 
covering  the  plants  within  the  replications.  Nets  were  used  as  a  deterrent  for  the  natural 
infestation  of  corn  borer  in  case  pesticides  had  adverse  effects.  However,  the  nets  devel¬ 
oped  large  holes  due  to  environmental  stress  from  wind  and  rain,  and  were  unusable,  so 
pesticides  were  used  again  starting  at  the  end  of  July.  Hence,  the  four  treatments  con¬ 
sisted  of:  Nets  or  insecticide/infest  ECB,  Nets  or  insecticide/No  ECB,  No  nets  or  insecti¬ 
cide/infest  ECB,  and  No  nets  or  insecticide/No  ECB.  Experimental  plots  utilizing 
infested  insects  were  separated  from  the  control  plots  with  two  rows  of  border  plants  to 
decrease  the  migration  of  European  corn  borer  into  non-infested  treatment  plots.  To  con¬ 
trol  ECB,  plots  were  sprayed  with  an  insecticide,  Pounce  3.2EC  (1997)  or  Capture  2EC 
(1999)  (10%  solution  of  each)  once  a  week,  beginning  early  in  July,  using  a  hand  held 
sprayer  misting  above  the  canopy  to  decrease  corn  borer  infestation.  The  plants  in  the 
experimental  plots  where  insects  were  added,  were  infested  with  two  separate  first  instar 
generations  of  European  corn  borer  during  the  early  whorl  stage  (late  June)  and  on  the 
shank  of  the  ear  (early  August)  during  both  years.  The  European  com  borer  egg  masses 
were  provided  by  Garst  Seed  Company  Inc.  (Slater,  IA).  A  mixture  of  finely  ground  corn 
cob  grits  (through  40  mesh  screen,  The  Andersons,  Maumee,  OH)  and  newly  hatched 
corn  borer  larvae  were  added  to  a  plastic  bottle.  Larvae  were  dispensed  using  a  handheld 
spring-loaded  bazooka  (Country  Plastics,  Ames,  IA)  to  release  one  cubic  centimeter  =1 
“shot”  of  the  mixture  onto  the  plant.  Each  shot  averaged  40  to  60  corn  borers.  Two  shots 
were  applied  per  plant  for  each  infestation  period,  providing  heavy  infestation  on  the 
maize. 

Photosynthesis  and  transpiration  rates  were  measured  approximately  every  two  weeks 
beginning  June  27,  1997  and  July  23,  1999,  and  ending  September  3rd  in  both  years.  The 
LCA-4,  Analytical  Development  Company  Infrared  Gas  Analysis  Leaf  Chamber  Ana¬ 
lyzer  (Houston,  TX)  was  used  to  measure  photosynthesis  and  transpiration.  The  sixth 
plant  of  every  row  (1997)  and  three  random  plants  per  row  (1999)  as  determined  by  a 
random  numbers  table  were  used.  Leaves  used  with  the  LCA-4  were  located  at  the  top 
node  with  a  fully  expanded  leaf  of  the  plant  during  vegetative  growth  and  one  node  above 
the  ear  during  the  reproductive  plant  growth.  Each  measurement  took  45  seconds  to  com¬ 
plete,  and  measurements  began  during  the  peak  sunlight  period  starting  at  10:00  AM  and 
ending  as  late  as  5:00  PM.  All  LCA-4  sessions  began  with  the  first  replication. 

Harvest  included  the  removal  of  the  first  10  ears  from  each  row  in  1997,  and  all  ears  in 
1999.  We  determined  the  seed  was  ready  for  harvest  by  first  noticing  a  physiological 
maturity  of  the  plant  and  also  checking  for  the  blackened  abscission  layer  on  the  kernel. 
A  change  of  color  for  the  abscission  layer  indicates  the  end  of  active  transport  so  no  dry 
matter  is  accumulating  in  the  kernel.  Seed  was  removed  from  the  cob  and  counted  using 
one  of  two  light  beam  seed  counters,  i.e.  FMC  Corp.,  Seed  Burro  801,  Homer  City,  PA 
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(1997)  and  International  Marketing  and  Design  Corp.,  Old  Mill  #900,  San  Antonio,  TX 
(1999).  Total  number  of  seed  was  counted  for  each  plot  in  1997  and  in  1999.  Ten  (1997) 
and  eight  (1999)  samples  of  100  kernels  per  row  were  used  in  seed  weight  studies.  Kernel 
mass  was  determined  after  drying  at  a  temperature  of  40°C  for  10  days. 

One  mixed  sample  of  kernels  per  row  was  used  to  determine  germination  percentages 
(both  years)  and  root  lengths  (1999).  The  ragdoll  method  was  used  in  the  greenhouse 
(1997)  and  the  Percival  Scientific  Inc.  (Boone,  I  A)  seed  germinator  (1999).  In  1997,  five 
ragdolls  (rolled  paper  towels,  Envision  Acclaim,  Fort  James,  Deerfield,  IL)  of  20  kernels 
each  from  each  plot  were  placed  on  a  plastic  plant  tray  (52  x  25  x  7  cm)  and  put  in  moist 
conditions  for  seven  days.  The  number  of  germinated  seed  was  recorded.  For  the  1999 
germination  tests,  a  series  of  4  replications  was  conducted,  each  lasting  for  7  days.  Each 
ragdoll  contained  20  kernels  with  5  kernels  from  each  hybrid  from  each  of  four  reps 
within  the  same  treatment  (i.e.  nets  or  insecticide  /infest  ECB,  nets  or  insecticide/no 
ECB,  etc).  Sixteen  (4  hybrids  x  2  nets  or  insecticides  x  2  infestations)  ragdolls  were  used 
for  each  of  the  four  replications.  The  germinator  was  set  for  a  16-hour  day  at  a  tempera¬ 
ture  of  25°C.  Upon  completion  of  the  incubation  period,  germinated  seed  was  counted 
and  root  lengths  were  measured. 

For  1997  data,  a  2-way  ANOVA  was  used  incorporating  corn  hybrids  and  infestation  of 
corn  borers.  The  1999  data  were  analyzed  by  3-way  analysis  of  variance  (ANOVA). 
Sources  of  variation  were  corn  hybrids,  use  of  nets/insecticides,  and  the  infestation  of 
European  corn  borer.  A  separate  ANOVA  test  was  used  for  each  isogenic  pair.  The  sta¬ 
tistical  program,  Co-Stat  (1986),  was  used.  The  Duncan’s  multiple  range  test  was  used  to 
separate  means  at  a  significance  level  of  P<  0.05. 

RESULTS  AND  DISCUSSION 

Photosynthesis  and  transpiration  rates  for  1997  and  1999  showed  no  significant  differ¬ 
ences  between  individuals  within  an  isogenic  maize  pair  any  time  over  the  season  (Fig. 
3).  In  1997  the  photosynthesis  and  transpiration  rates  followed  a  gradual  curve  from 
higher  levels  during  early  growth  to  lower  levels  as  the  plants  matured.  These  results 
were  different  for  1999,  showing  an  approximate  25  [imol  m  2  s'1  difference  for 
photosynthesis  and  6  mol  m 2  s'1  difference  for  transpiration  during  late  July  between 
years.  However,  as  the  plants  matured,  rates  balanced  between  the  two  seasons. 
Environmental  parameters  may  have  hindered  the  photosynthesis  and  transpiration  levels 
in  the  beginning  months  of  the  1999  season.  As  shown  in  Figs.  1  and  2,  high 
temperatures  and  low  rainfall  in  late  June  and  most  of  July  might  have  caused  the  plants 
to  conserve  water  therefore  decreasing  photosynthesizing  capabilities. 

In  1999,  a  block  effect  occurred  (results  not  shown)  for  both  photosynthesis  and  transpi¬ 
ration  rates  between  the  replications,  being  highest  in  replication  1  and  lowest  in  replica¬ 
tion  4.  This  effect  possibly  was  due  to  changes  in  light  levels  over  the  day.  All  of  the 
photosynthesis  and  transpiration  measurements  began  at  the  same  time  (10:00  AM)  dur¬ 
ing  both  years.  In  1997  only  one  plant  was  measured  per  plot  in  each  treatment  over  all 
replications,  and  measurements  were  completed  by  2:00  PM  (i.e.  during  peak  sunlight  of 
the  day)  which  could  account  for  active  gas  exchange  in  plants  throughout  the  sampling 
time.  In  contrast,  in  1999,  three  plants  were  measured  per  treatment  in  each  plot  over  all 
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replications,  which  increased  time  required  for  data  collection.  Measurements  did  not 
conclude  until  5:00  PM  (i.e.  past  the  peak  sunlight  of  the  day)  which  could  account  for 
lower  gas  exchange  near  the  end  of  the  sampling  time. 

Other  factors  were  the  use  of  nets/insecticides  to  exclude  insects  or  the  manual  infestation 
of  European  corn  borer  to  the  plants  which  neither  showed  significant  differences  in  gas 
exchange  (data  not  shown).  According  to  Godfrey  et  al.  (1991)  in  a  2-year  field  study, 
European  corn  borer  larval  tunneling  in  1987  significantly  reduced  corn  photosynthetic 
rates  by  1 1.4  and  22.1%  with  3  and  5  larvae  per  plant,  respectively,  whereas  1  larvae  per 
plant  infestation  significantly  increased  photosynthetic  rate.  These  data  did  not  correlate 
with  our  data  where  no  significant  differences  in  photosynthesis  between  infested  or  non- 
infested  hybrids  were  seen.  Other  studies  show  that  with  heavy  infestation  of  ECB  to  the 
corn  plants,  higher  photosynthetic  and  lower  transpiration  rates  in  the  non-transgenic 
hybrids  might  occur,  considering  the  plant  responses  to  the  insect  stress  by  producing 
more  sugars  to  compensate  for  the  damage  done  to  xylem  and  other  tissues  by  boring 
insects  (Calvin  et  al.  1988). 

Seed  totals  for  1997  hybrids  showed  no  significant  difference  between  the  members  of  an 
isogenic  pair  (H-2493  vs.  H-2493Bt),  or  any  interaction  between  the  hybrids  and  the  use 
of  insecticides  or  the  infestation  of  European  corn  borer  (Table  1).  In  1999,  no  significant 
difference  was  found  between  hybrids  for  seed  totals  for  the  members  of  the  isogenic 
pairs  (H-2581  vs.  H-9481Bt)  or  (H-9345  vs.  999803Bt)  although  plants  within  treatments 
using  nets/insecticides  to  exclude  European  corn  borer  from  the  plots  had  higher  seed 
totals  than  plants  without  the  nets/insecticides  (Table  2). 

In  1997,  seed  mass  of  Bt  and  non-Bt  isogenic  pairs  were  significantly  different  with  an 
increased  mass  for  Bt  plants  (Table  1).  No  significant  difference  was  found  between 
treatments  with  insecticides  or  with  ECB  infestation  in  1997  (Table  2).  In  1999,  seed 
mass  was  higher  for  plots  treated  with  nets/insecticides  than  for  non-treated  plots  for  the 
isogenic  pair  H-2581  and  H-9481Bt  (Table  2).  For  the  second  isogenic  pair,  H-9345  and 
999803Bt,  no  significant  differences  occurred  between  any  of  the  factors. 

Differences  in  seed  vigor  for  Bt  isogenic  pairs  were  estimated  by  utilizing  germination 
percentages  and  root  lengths  (Table  3).  These  data  show  no  significant  difference 
between  members  of  isogenic  pairs  of  hybrids  in  1997  and  1999. 

Agricultural  reports  show  that  Bt  hybrids  have  significantly  higher  yields  when  compared 
to  non-Bt  plants,  when  under  moderate  to  severe  levels  of  ECB  infestation,  in  contrast  to 
our  results.  Current  estimates  of  5%  yield  loss  per  borer  per  plant  for  first  generation 
ECB  and  a  3%  yield  loss  per  borer  per  plant  for  second  generation  are  used  widely 
(Mason  et  al.  1996,  Steffey  and  Gray  1994).  According  to  Graeber  et  al.  (1999),  non- 
transgenic  hybrids  showed  a  decrease  in  yield  of  6.3%  with  first  and  second  ECB  infes¬ 
tation  compared  to  a  treatment  without  infestation.  When  infested  with  both  ECB  gen¬ 
erations,  the  susceptible  (non-transgenic)  hybrids  yielded  significantly  less  (6.6%)  than 
their  Bt  counterparts.  A  three-year  study  by  Pioneer  Seed  Company  shows  that  Bt  hybrids 
exhibit  a  1.6  bushel/hectare  yield  advantage  under  low  ECB  infestation,  a  5.2 
bushel/hectare  advantage  under  medium  infestation,  and  a  11.6  bushel/hectare  yield 
advantage  under  high  infestation  levels  compared  to  hybrids  without  Bt  (Olson  2000). 
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These  data  support  Bt  corn  to  exhibit  higher  yields  than  their  non-transgenic  counterpart 
when  considering  insect  infested  conditions.  Even  under  heavy  infestations  in  our  plots, 
no  significant  difference  was  found  between  the  resistant  transgenic  and  susceptible  non- 
transgenic  hybrids.  Some  reasons  for  the  discrepancies  between  our  data  and  other  stud¬ 
ies  are  possible.  One  of  these  reasons  could  be  the  size  of  our  plots  compared  to  the  larger 
plot  sizes  with  more  replications  in  the  other  studies.  Smaller  plots  result  in  smaller  sam¬ 
ple  sizes,  which  result  in  an  increased  variability.  Another  reason  may  be  hand  harvesting 
in  relation  to  machine  harvesting.  Hand  harvesting  permits  all  ears  to  be  collected 
whereas  machine  harvesting  in  the  other  studies  may  cause  broken  stalks  and  detached 
ears  (due  to  ECB  boring)  to  be  missed  and  seed  to  be  lost.  Yet  another  reason  may  be  the 
varieties  of  hybrids  used.  Our  study  used  only  Golden  Harvest  varieties  that  express  Bt 
trait  in  all  cells  throughout  the  life  of  the  plant  whereas  some  of  the  other  studies  used 
maize  varieties  expressing  Bt  only  in  green  tissue  and  pollen  or  in  green  leaf  tissue  with 
active  chlorophyll  production  offering  little  late  season  protection. 

In  summary,  apart  from  the  heavier  seed  with  Bt  hybrids  when  compared  to  its  isogenic 
pair  in  1997,  no  significant  differences  were  found  between  the  isogenic  maize  hybrids 
for  most  comparisons  in  the  study  including  yields,  seed  mass  or  physiological  changes 
whether  or  not  they  exhibited  the  Bt  trait.  In  1999,  we  found  these  plants  with  the  use  of 
nets/insecticides  had  significantly  higher  seed  totals  and  kernel  mass  than  those  not 
sprayed.  A  decrease  in  physiological  activity  in  1999  was  possibly  due  to  drought  stress 
in  the  early  part  of  the  season  (late  June  to  early  July).  This  response  may  have  been  a 
variable  during  seed  production  in  1999  affecting  seed  totals  and  mass.  In  conclusion,  our 
results  provide  some  insight  into  the  differences  in  physiological  factors,  seed  totals,  and 
seed  mass  with  the  incorporation  of  the  Bt  gene  into  the  com  plant. 
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Table  1.  Total  number  and  dry  mass  of  seeds  harvested  for  Bt  isogenic  pairs  of  hybrid 
maize  in  1997  and  1999  at  Clinton,  IL. 


Hybrid  Pairs _ Seed  Totals1  (per  treatment)  Seed  Mass2(g) 

1997 


H-2493 

4009 

a3 

26.7 

b 

H-2493Bt 

3867 

a 

28.6 

a 

1999 

H-2581 

8087 

a 

34.9 

a 

H-9481Bt 

7923 

a 

33.4 

a 

H-9345 

10840 

a 

27.6 

a 

999803Bt 

9989 

a 

27.9 

a 

1  In  1997,  10  plants  were  used  per  treatment  to  determine  seed  totals,  and 
in  1999  all  plants  were  harvested  in  the  treatment. 

2  Mass  was  measured  per  100  kernels. 

3  Means  followed  by  a  different  letter  within  an  isogenic  pair  in  a  column 
are  significantly  different  as  determined  by  Duncan’s  multiple  range 
test,  5%  level. 


Table  2.  Field  use  of  nets  and/or  insecticide  sprays  in  the  experimental  plots  for  1997  and 
1999  showing  seed  totals  and  mass  of  seed. 


Treatment _ Seed  Totals _ Seed  Mass*(g) 

1997  (H-2493;  H-2493Bt) 

Spray  (No  ECB)  4101  a* 1 2  27.5  a 

No  Spray  (ECB)  3775  a  27.8  a 

1999  (H-2581;  H-9481Bt) 

Nets  and  Spray  (No  ECB)  9693  a  35.9  a 

No  Nets  or  Spray  (ECB)  6316  b  32.4  b 

1999  (H-9345;999803Bt) 

Nets  and  Spray  (No  ECB)  1 1475  a  27.9  a 

No  Nets  or  Spray  (ECB) _ 9354  b _ 27.6  a 

1  Mass  was  measured  per  100  kernels. 

2  Means  followed  by  a  different  letter  within  an  isogenic  pair  in  a  column 
are  significantly  different  as  determined  by  Duncan’s  multiple  range 

test,  5%  level. 
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Table  3.  Percent  germination  (1997  or  1999)  and  root  length  (1999)  for  seed  from  Bt 
isogenic  pairs  of  hybrid  maize  after  7  days. 


Hybrid  Pairs_ Germination  % Root  Length  (cm) 


1997 

H-2493 

99 

a 1 

N/A 

H-2493Bt 

97 

a 

N/A 

1999 

H-2581 

98 

a 

9.2 

a 

H-9481Bt 

95 

a 

8.4 

a 

H-9345 

96 

a 

9.1 

a 

999803Bt 

97 

a 

8.4 

a 

1  Means  followed  by 

a  different 

letter  within 

an  isogenic 

pair  in  a  col- 

umn  are  significantly  different  as  determined  by  Duncan’s  multiple 
range  test,  5%  level. 
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Figure  l.Heat  units  accumulated  between  April  and  October  from  a  weather  station 
located  4  kilometers  east  of  Wapella,  IL  in  1997  and  in  Lincoln  (until  August 
31)  or  Wapella,  IL  in  1999.  Heat  units  are  figured  between  50  and  86°F. 
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Figure  2.  Precipitation  between  April  and  October  from  a  weather  station  located  4  kilo¬ 
meters  east  of  Wapella,  IL  in  1997  and  in  Lincoln  (until  August  31)  or 
Wapella,  IL  in  1999. 
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ABSTRACT 

Seven  prehistoric  bedrock  hole  or  mortar  sites  in  the  Shawnee  Hills  of  Pope  and  Johnson 
Counties,  IL  were  examined  for  size,  shape,  and  number  of  holes,  method  of  construc¬ 
tion,  and  associated  cultural  materials  and  features.  The  holes  are  called  “Pot  Rocks”  by 
local  residents  and  all  are  in  sandstone.  One  hole  is  in  a  rock  shelter,  but  the  others  are  in 
unprotected  bedrock  outcrops.  The  studied  hole  sites  are  determined  to  be  of  three  types. 
Five  were  of  round  holes  with  mostly  smooth  rounded  bottoms,  one  was  of  very  large 
rough  holes  possibly  used  as  storage  pits,  and  the  hole  in  the  rock  shelter  tapers  evenly 
from  top  to  a  smaller  bottom.  All  of  the  sites  are  presumed  to  be  of  late  Archaic  age. 


BACKGROUND 

Man-created  prehistoric,  utilitarian  rock  holes  are  widespread  in  eastern  North  America 
where  bedrock  outcrops  occur,  although  little  has  apparently  been  published  about  them. 
While  I  have  found  no  published  accounts  of  them  in  Illinois,  Webb  and  Funkhouser 
(1929)  describe  such  holes,  called  “hominy  holes”  by  them,  in  the  Green  River  basin  of 
Kentucky  and  Ison,  (personal  communication,  2001)  has  found  many  such  holes  in  rock 
shelters  along  the  western  escarpment  of  the  Cumberland  Plateau  of  eastern  Kentucky. 
Gremillion  (personal  communication,  2001)  notes  such  holes  in  southeastern  Ohio  and 
Franklin  (personal  communication,  2001)  reports  them  from  the  Cumberland  Plateau  of 
eastern  Tennessee. 

The  presence  of  such  archaeological  features  in  southern  Illinois  was  first  brought  to  my 
attention  with  the  publication  of  a  tourist  attraction  map  for  Johnson  County,  IL  by  Out¬ 
door  Illinois  Magazine  (Anonymous  1966)  that  listed  a  locality  that  had  “Indian  Kettles”. 
Although  knowing  of  the  existence  of  this  site  for  decades,  I  did  not  visit  the  site  until 
late  spring  of  1999.  I  was  impressed  with  the  site  and  when  the  local  resident  who 
showed  it  to  me  advised  that  he  had  found  a  similar  but  even  larger  site  nearby,  my 
search  for  and  study  of  these  features  began. 

In  addition  to  the  first  site  found  on  the  Outdoor  Illinois  map,  two  additional  prehistoric 
hole  sites  (Mortar  Cave  and  Footprint  Rock)  were  also  listed  there.  I  found  three  sites  by 
word  of  mouth  from  local  residents  and  another  while  surveying  a  natural  area  for  preser- 
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vation.  These  seven  sites  serve  as  the  basis  for  this  paper.  Four  of  the  sites  are  in  Johnson 
County  and  three  are  in  Pope  County. 

Most  local  people  in  the  region,  who  are  aware  of  these  features,  call  them  Pot  Rocks. 
However,  the  recreation  map  termed  the  holes  at  one  site  Indian  Kettles  and  one  former 
owner  of  the  site  with  the  largest  holes  called  them  Indian  Churns.  The  hole  at  Mortar 
Cave  is  locally  known  as  a  Mortar.  No  one  in  the  study  area  was  aware  of  the  name 
Hominy  Hole,  by  which  somewhat  similar  features  are  known  in  western  Kentucky. 

All  of  these  sites  are  located  in  the  Shawnee  Hills  Natural  Division  of  Illinois  (Schweg- 
man  et.  al.  1973).  These  unglaciated  hills  form  a  30  mile  wide  band  across  southernmost 
Illinois  and  reach  a  maximum  height  of  1 ,060  feet  and  an  average  crest  maximum  height 
of  about  800  feet  above  mean  sea  level.  Sandstones  underlie  the  higher  elevations  and 
frequently  form  outcrops  and  rock  shelters.  At  European  contact  these  hills  supported  a 
forest  dominated  by  Oak  ( Quercus  ssp .)  and  Hickory  ( Carya  ssp .)  trees  on  the  uplands 
with  a  mesophytic  forest  including  Beech  ( Fagus  grandifolia )  and  Tulip  Tree  ( Lirioden - 
dron  tulipifera )  in  the  ravines.  Remnant  prairie  communities  on  steep  dry  slopes  indicate 
that  prairie  vegetation  may  have  occurred  in  these  hills  during  the  Hypsithermal  climatic 
period,  but  plant  materials  gathered  by  the  people  who  made  the  “Pot  Rocks”  was  proba¬ 
bly  of  forest  origin. 

Two  of  the  sites  are  in  outcrops  within  the  beds  of  intermittent  streams  so  that  determin¬ 
ing  that  the  holes  were  of  human  origin  and  not  simply  “mill”  holes  created  by  running 
water  and  the  gravel  within  them  was  an  issue.  Human  origin  for  the  holes  at  these  sites 
was  based  on  the  evidence  of  rough  pecked  bottoms  of  some  holes  and  the  presence  of 
some  holes  away  from  the  stream  channel.  Bedrock  holes  at  Bulge  Hole  five  miles  north 
of  Vienna  were  determined  to  be  of  natural  “mill”  origin  and  were  excluded  from  study. 

The  geologic  terms  Spoon  Formation  and  Abbott  Formation  for  units  of  the  Pennsylva¬ 
nian  System,  used  in  current  surface  geology  maps  of  the  study  area,  are  replaced  here  by 
the  recently  accepted  term  Tradewater  Formation. 

The  purpose  of  this  paper  is  to  describe  the  seven  known  sites  and  provide  some  inter¬ 
pretation  of  their  method  of  construction,  probable  cultural  affiliation,  and  function. 

DESCRIPTION  OF  SITES 

Site  #1  is  the  Indian  Kettle  Site.  It  is  located  on  Shawnee  National  Forest  land  in  north¬ 
western  Pope  County  about  1.5  miles  south-southeast  of  Stonefort,  Illinois.  It  is  located 
on  a  small  5.5  meter  long  by  1.7  meter  wide  sandstone  outcrop  along  a  small  intermittent 
drainage  way.  The  site  is  near  the  top  of  a  rounded  hill  at  elevation  545  feet.  It  is  in  a  nar¬ 
row  a  band  of  hardwood  forest  in  a  pine  plantation.  The  relatively  coarse  and  soft  bed¬ 
rock  is  the  Golden  Sandstone  of  the  Tradewater  Formation  of  the  Pennsylvanian  System. 
The  site  consists  of  four  pot-like  holes,  six  shallow,  elongate  “grinding”  surfaces  and  one 
shallow  round  “grinding”  surface  that  occupy  an  area  of  4.5  meters  by  .95  meter.  One  of 
the  holes  and  associated  elongate  grinding  surfaces  is  shown  in  Figure  1 . 
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All  four  of  the  pot  or  kettle  holes  have  smooth  rounded  bottoms  with  no  indication  of 
how  they  were  cut  or  dug.  All  hold  water.  The  features  are  somewhat  clustered  at  either 
end  of  the  outcrop  with  three  holes  and  the  circular  grinding  surface  at  one  end  and  one 
hole  and  the  elongate  grinding  surfaces  at  the  other.  The  largest  hole  has  an  average 
diameter  of  69.5  cm  and  a  depth  of  45  cm.  It  has  a  broad  groove  or  trough  13  cm  wide 
worn  in  its  side  and  mouth  on  its  deepest  side.  The  other  holes  have  average  diameters  of 
about  30cm  and  depths  of  7.5,  1 1.5,  and  25cms.  The  largest  of  the  elongate  grinding  sur¬ 
faces  is  34  cm  long  by  12  cm  wide.  Depth  of  the  grinding  surfaces  range  from  one  to  3.5 
cm.  This  is  the  only  one  of  the  seven  study  sites  to  have  elongate  grinding  surfaces.  The 
circular  grinding  depression,  has  an  iron  oxide  coating  about  5  mm  thick  over  much  of  its 
bottom.  This  may  be  natural  or  may  have  resulted  from  past  use. 

Because  of  the  forested  surroundings  and  leafy  ground  cover  no  evidence  was  seen  of  a 
prehistoric  camp  or  village  near  this  site.  The  nearest  permanent  water  is  the  Little  Saline 
River  about  a  quarter  mile  to  the  south.  There  is  a  possible  three-toed  animal  track  petro- 
glyph  measuring  nine  cm  long  by  six  cm  wide  carved  in  the  rock  near  the  southernmost 
elongate  grinding  feature.  Historic  carvings  on  the  adjacent  outcrop  across  the  branch 
indicate  that  this  place  was  known  and  visited  in  historic  times  as  early  as  1902. 

Site  #2  is  the  A1  Appel  site  (Figure  2),  which  is  named  for  its  owner.  This  site  is  three 
quarters  of  a  mile  to  the  east-northeast  of  the  Indian  Kettle  Site  in  Pope  County,  just  an 
eighth  of  a  mile  south  of  the  Pope-Saline  county  line.  It  occupies  most  of  a  nearly  circular 
four  meter  diameter  outcrop  of  sandstone  on  the  east  side  of  a  northward  draining  inter¬ 
mittent  drainage  way  at  elevation  520  feet.  The  site  is  in  second  growth  deciduous  forest 
today,  but  was  in  a  wheat  field  when  Mr.  Appel’s  grandfather  purchased  the  area  about 
1917.  The  site  is  midway  between  the  top  and  base  of  a  gentle  north-sloping  hill.  Like  the 
Indian  Kettle  Site,  this  site  is  also  developed  in  the  Golden  Sandstone,  of  the  Tradewater 
Formation  of  the  Pennsylvanian  System,  which  is  relatively  coarse  and  soft.  With  19 
holes  as  deep  as  wide  or  deeper  and  10  depressions  shallower  than  wide  this  site  has  the 
largest  number  of  hole  features  of  any  of  our  study  sites.  It  is  possible  that  additional 
holes  occur  to  the  north  of  the  present  exposure  where  the  rock  is  now  covered  by  a  thin 
layer  of  soil.  This  site  has  prehistoric  rock  art  associated  with  it. 

The  holes  and  associated  prehistoric  rock  art  occupy  all  but  the  steepest  northwest  slope 
of  the  exposure  (Figure  2).  The  holes  and  other  depressions  have  smooth  rounded  bot¬ 
toms  with  little  evidence  of  how  they  were  constructed.  They  are  more  or  less  straight 
sided  or  only  gently  sloping  to  the  rounded  bottom.  One  hole  has  two  depressions  at  the 
bottom  indicating  that  it  may  have  been  cut  as  two  holes  that  were  joined  into  a  larger 
hole  and  several  deep  holes  are  paired  with  a  shallow  hole  that  is  joined  by  a  low  divide 
(Figure  3).  Most  of  the  deeper  holes  have  a  sharp  margin  around  the  top  either  indicating 
that  the  surface  of  the  outcrop  is  harder  than  the  interior  of  the  rock  or  that  the  initial  size 
of  the  hole  was  cut  into  the  surface  leaving  a  sharp  edge.  In  either  case  the  sharp  margins 
would  probably  have  been  rounded  if  poles  or  other  means  of  pounding  materials  in  the 
holes  had  been  employed.  The  largest  of  the  holes  is  elliptic  and  measures  77  by  29  cm  at 
the  opening  and  33  cm  deep.  There  are  eight  holes  in  the  21  to  33  cm  deep  range  and  nine 
more  measuring  1 1  to  20  cm  deep. 
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The  prehistoric  rock  art  associated  with  the  pots  consists  of  petroglyphs  of  one  13.5  cm 
long  turkey  or  bird  track,  one  26  cm  long  “stick”  human  form,  and  two  sets  of  what 
appear  to  be  “finger  holes”.  The  latter  were  brought  to  our  attention  by  A1  Appel.  They 
consist  of  an  arc  of  four  circular  depressions  about  the  diameter  of  a  finger  tip  with  a  fifth 
at  just  the  point  where  your  thumb  lands  if  you  place  your  finger  tips  in  the  four  depres¬ 
sions.  These  are  clearly  man  made.  Historic  carvings  are  present  and  include  a  date  that 
appears  to  be  1868,  the  initials  AAA  (A1  Appel’s  grandfather)  a  large  letter  B,  the  letter 
E,  and  the  initials  JKW.  Moss  covers  much  of  the  rock  and  could  be  hiding  other  carv¬ 
ings. 

I  saw  no  evidence  of  a  prehistoric  habitation  in  the  immediate  vicinity,  but  the  forest 
cover  made  searching  difficult.  With  Mr.  Appel’s  permission,  some  shovel  testing  was 
done  up  the  ridge  to  the  east  of  the  exposure  without  finding  any  cultural  material. 

Site  #3,  the  Bill  Hill  Hollow  Site,  is  the  last  Pope  County  site.  It  is  developed  in  a  sand¬ 
stone  bedrock  exposure  in  the  bed  of  a  small  intermittent  tributary  to  Bill  Hill  Hollow. 
This  site  is  three  and  a  half  miles  east  of  the  A1  Appel  Site  on  U.  S.  Forest  Service  land  in 
the  Burden  Falls  Wilderness  Area.  It  is  about  2.5  miles  west-northwest  of  Delwood  and  is 
just  northwest  of  the  southeast  corner  of  Section  two  of  Township  1 1  South,  Range  five 
East.  The  site  is  less  than  a  mile  south  of  the  Pope-Saline  County  line  and  like  the  previ¬ 
ous  two  sites  is  in  a  drainage  that  drains  north  off  of  the  Shawnee  Hills.  It  was  brought  to 
my  attention  by  Mr.  Jack  Deaton,  whose  mother  lived  on  the  farm  where  this  site  is 

located  before  it  sold  to  the  Forest  Service.  She  told  him  of  the  “Pot  Rocks”  there. 

\ 

This  site  consists  of  three  holes  developed  in  the  Murray  Bluff  Sandstone  of  the  Trade- 
water  Formation  of  the  Pennsylvanian  System  at  the  elevation  of  490  feet.  The  holes 
range  from  34  cm  to  seven  cm  in  diameter  and  from  29  cm  to  four  cm  in  depth.  The  larg¬ 
est  is  34  cm  in  diameter  and  29  cm  in  depth.  All  have  smooth  rounded  bottoms  not  unlike 
the  previous  two  sites  and  all  have  a  shallow  “lip”  or  depression  around  the  straight-sided 
hole.  The  largest  hole  is  alone  while  the  other  two  holes  are  near  one  another  and  3.65 
and  3.23  meters  from  it.  No  additional  archaeological  features  or  historic  carvings  were 
found  at  the  site. 

Site  #4  is  Footprint  Rock,  a  long-known  prehistoric  petroglyph  site  that  also  has  three 
bedrock  holes.  This  and  all  of  the  following  sites  are  in  watersheds  that  drain  south  off  of 
the  Shawnee  Hills.  It  is  located  about  5.5  miles  south-southeast  of  Vienna,  Johnson 
County,  in  a  weedy  abandoned  pasture  on  the  farm  of  Everett  Evans.  The  site  is  a  gently 
sloping  hilltop  exposure  of  Cypress  Sandstone  of  the  Mississippian  System  at  elevation 
510  feet.  This  is  the  same  bedrock  strata  that  most  of  the  Hominy  Holes  of  the  Green 
River  region  of  Kentucky  are  developed  in.  This  is  a  harder  sandstone  than  the  Golden 
Sandstone  that  the  Indian  Kettle  and  A1  Appel  sites  are  developed  in.  The  outcrop  meas¬ 
ures  8.7  meters  north-south  by  5.8  meters  east- west.  Most  of  the  surface  is  taken  up  by 
petroglyphs,  with  the  three  holes  being  along  the  south  and  southeast  edge  of  the  outcrop 
where  they  do  not  impinge  on  the  rock  art. 

Two  of  the  holes,  15  and  16  cm  in  diameter  and  8  and  13.2  cm  deep,  are  just  8  cm  apart 
on  the  southeast  side  of  the  outcrop.  The  third  hole  is  2. 1  meters  to  the  southwest  of  the 
paired  holes  and  measures  19  cm  in  diameter  and  12  cm  deep.  These  holes  are  essentially 
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straight  sided  with  smooth  rounded  bottoms.  Remarkable  features  of  two  of  the  holes  are 
the  remnants  of  drilled  holes  that  show  how  the  holes  were  made.  Numerous  3  cm 
diameter  holes  were  drilled  in  the  rock  (Figure  4)  and  then  the  remaining  rock  was  bro¬ 
ken  out  and  the  sides  and  bottom  were  smoothed. 

The  site  is  notable  for  its  large  number  of  petroglyphs.  There  are  five  pair  and  18 
unpaired  human  footprints  carved  in  the  outcrop.  There  are  also  six  turkey  or  bird  tracks, 
seven  deer  tracks,  three  paired  or  bisected  circles,  one  possible  ogee,  and  one  circle  with 
a  cross  in  it. 

Site  #5  is  the  Heron  Pond  Site  southwest  of  the  Heron  Pond  Swamp  in  the  Heron  Pond- 
Wildcat  Bluff  Nature  Preserve.  It  is  situated  about  two  and  a  quarter  miles  northeast  of 
Belknap,  Johnson  County.  The  site  is  a  low  sandstone  exposure  in  deep  forest  of  this 
State-owned  preserve.  It  consists  of  a  series  of  five  holes  in  an  outcrop  of  Cypress  Sand¬ 
stone  of  the  Mississippian  System  in  the  bed  of  an  intermittent  drainage  at  elevation  365 
feet.  The  bedrock  exposure  measures  4.2  meters  wide  and  12  meters  long  upstream  to  the 
base  of  a  three  meter  high  “falls”  of  this  wet  weather  branch.  The  site  was  first  discov¬ 
ered  in  the  1970s  after  purchase  of  the  area  by  the  State  of  Illinois. 

The  holes  range  from  25  to  28  cm  in  diameter  with  two  of  them  eight  cm  deep  and  the 
other  three  measuring  13,  15,  and  16  cm  deep.  All  are  essentially  straight  sided  and  round 
bottomed.  Two  have  well  developed  “lips”  or  shallow  depressions  encircling  the  hole 
while  one  has  a  slight  lip.  Two  holes  have  smooth  rounded  bottoms  possibly  used  for 
grinding  or  processing  something,  but  the  other  holes  have  rough  pitted  bottoms  as 
though  still  under  construction  or  for  some  other  use.  Two  holes,  one  smooth  bottomed 
and  one  pitted,  lie  near  each  other  and  are  connected  by  a  shallow  groove. 

Site  #6  is  Mortar  Cave,  a  small  rock  shelter  on  the  west  side  of  Dutchman  Creek  about 
three  and  a  half  miles  southeast  of  Goreville,  Johnson  County.  This  site  has  long  been 
known  to  outdoor  recreationists  of  southern  Illinois  but  to  my  knowledge  has  not  been 
evaluated  by  archaeologists.  Outdoor  Illinois  Magazine’s  1966  recreation  map  for  John¬ 
son  County  gives  its  location  as  about  half  a  mile  upstream  from  its  actual  location, 
which  is  in  the  northeast  part  of  Section  one.  The  shelter  and  the  boulder  in  which  the 
mortar  exists  are  of  Battery  Rock  Sandstone  of  the  Caseyville  Formation  of  the  Pennsyl¬ 
vanian  System.  The  elevation  of  the  site  is  530  feet.  Mortar  Cave  is  privately  owned  and 
situated  in  an  upland  forest  in  a  wild  and  remote  area. 

The  east-facing  shelter  is  14  meters  long  and  only  five  meters  deep.  Near  its  deepest 
point,  an  elongate  boulder  four  meters  long  by  one  meter  wide  and  60  cm  high  lies  per¬ 
pendicular  to  the  back  of  the  shelter  and  sticks  out  slightly  beyond  the  sheltered  area. 
Near  the  west  or  more  sheltered  end  of  this  boulder  a  vertical  “mortar”  hole  has  been 
drilled  in  its  top  (Figure  5).  The  hole  is  slightly  elliptical  at  18  cm  by  20  cm  across  at  the 
top  and  is  25  cm  deep.  The  hole  tapers  to  a  much  smaller  bottom  diameter.  Allen  (1936) 
reports  that  local  tradition  has  it  that  a  stone  pestle  was  present  in  the  hole  when  it  was 
first  discovered  but  that  it  was  gone  by  1936. 

Though  small,  the  shelter  has  a  deep  dark  midden  that  has  been  extensively  dug  and  dis¬ 
turbed  by  relic  hunters  in  the  past.  Flint  chips  are  common  on  the  floor  of  this  disturbed 
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midden  and  one  thick  shard  of  grit  tempered  pottery  was  seen.  No  petroglyphs  or  picto- 
graphs  were  found.  Other  than  the  mortar,  the  only  other  possible  prehistoric  bedrock 
feature  observed  was  a  series  of  four  holes  in  the  end  of  the  boulder  opposite  the  mortar. 
These  ranged  from  six  cm  across  and  two  cm  deep  to  three  cm  across  and  one  cm  deep. 
They  may  be  of  human  origin,  but  it  is  possible  that  they  have  been  formed  by  dripping 
water  from  above. 

Site  #7  is  the  Indian  Chum  Site.  It  is  located  about  two  miles  east-southeast  of  the  Village 
of  Tunnel  Hill  on  top  of  and  near  the  edge  of  a  low  cliff-forming  outcrop  of  Cedar  Creek 
Sandstone  of  the  Tradewater  Formation  of  the  Pennsylvanian  System.  The  site  is  at  about 
660  feet  elevation  and  overlooks  the  headwaters  of  Cedar  Creek  It  is  located  eight  miles 
southwest  of  the  Indian  Kettles  Site  on  private  property. 

This  group  of  13  holes  cut  into  the  rock  is  unlike  any  of  the  previous  sites.  The  much 
larger  holes  range  up  to  84  cm  wide  and  up  to  1 84  cm  deep  and  resemble  storage  pits  cut 
in  rock.  A  six  foot  tall  man  can  get  in  one  and  hide  below  the  surface.  None  of  the  holes 
that  we  emptied  had  smooth  rounded  bottoms.  Two  of  the  smaller  holes,  with  average 
diameters  of  3 1  cm  and  40  cm  and  depths  of  66  cm  and  46  cm  respectively,  are  incom¬ 
pletely  dug  and  reveal  how  they  were  constructed.  The  first  was  constructed  by  drilling  a 
nine  cm  diameter  central  hole  and  then  breaking  out  the  surrounding  sandstone.  The  sec¬ 
ond  was  cut  around  the  outside  edge  with  a  sharp  object  and  had  a  three  cm  hole  drilled 
down  through  the  middle.  After  the  cutting  and  drilling  the  central  high  part  was  appar¬ 
ently  broken  out  (Figure  6).  The  latter  method  may  have  been  used  to  cut  the  larger  holes 
as  a  large  rock  found  near  the  largest  hole  has  a  curved,  cut  edge  and  appears  to  be  a 
piece  of  the  rock  cut  from  that  hole.  When  we  reached  the  bottom  of  the  largest  hole  it 
had  a  high  center  consistent  with  being  cut  around  the  outside  edge.  The  larger  holes  are 
all  rough  on  the  inside  indicating  that  once  started,  they  were  enlarged  by  chipping  or 
hammering. 

The  holes  range  from  circular  to  elliptic  in  cross  section.  Five  of  the  13  holes  hold  water 
while  the  others  do  not.  It  is  not  clear  how  the  dry  holes  drain.  The  largest  hole  (Figure  7) 
holds  water  and  was  completely  emptied  out.  It  is  slightly  elliptic  with  a  long  axis  of  84 
cm  and  a  short  axis  of  70  cm  for  an  average  diameter  of  77  cm.  When  emptied  it  had  a 
depth  of  154  cm  for  a  capacity  of  approximately  717  liters  or  189  gallons.  We  removed 
water  and  leaves  to  reach  the  top  of  the  sediment  fill  which  was  44  cm  deep.  The  sedi¬ 
ment  was  a  mixture  of  silt  from  nearby  loess  soils,  sand  eroded  from  the  sandstone  and 
chunks  of  sandstone  that  had  been  thrown  in  it  over  the  years.  The  waterlogged  sandstone 
at  the  bottom  was  soft  from  soaking.  No  artifacts  were  found  in  the  hole  or  elsewhere  in 
the  area.  A  large  rock  shelter  one  quarter  mile  to  the  east  may  be  associated  with  the  site. 
It  contains  several  mortar  surfaces  on  a  boulder  within  it  but  no  holes. 

DISCUSSION 

It  appears  that  the  seven  bedrock  hole  sites  described  in  this  paper  have  holes  of  three 
distinct  types.  These  are  possibly  related  to  different  uses,  different  construction  methods, 
and  different  cultural  affiliations.  The  types  include  Type  One:  mostly  smooth  round- 
bottomed  holes  of  various  sizes  with  nearly  vertical  sides,  Type  Two:  a  deep  narrowly 
lunnel-shaped  hole  that  once  was  apparently  used  to  process  seeds  with  a  tapered  stone 
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pestle,  and  Type  Three:  very  large  roughly  cut  holes  that  appear  to  have  been  cut  and 
broken  from  stone,  The  single  example  of  Type  Two  occurs  in  a  rock  shelter  but  all  of  the 
others  are  in  open  upland  bedrock  exposures.  All  are  in  sandstone. 

Sites  one  to  five  are  of  Type  One  holes.  All  Type  One  sites  have  at  least  some  of  their 
holes  with  smooth  rounded  bottoms  and  nearly  vertical  sides.  Some  holes,  such  as  at  Site 
Five,  are  rounded  in  shape  but  are  rough  or  pitted  in  the  bottom  which  may  indicate  that 
they  were  constructed  by  pecking  and  that  these  rough  holes  were  never  completed  and 
smoothed  by  use  or  grinding.  At  Site  Four  it  is  clear  that  the  holes  were  constructed  by 
drilling  holes  in  the  rock,  then  breaking  out  the  remaining  rock,  and  finally  smoothing  the 
bottom  (Figure  4).  It  is  not  clear  how  the  other  Type  One  holes  were  constructed,  though 
the  sharp  edge  of  the  holes  at  site  two  hint  that  these  were  cut  into  the  rock  with  harder 
stone.  The  smooth  rounded  bottoms  of  some  holes  at  all  sites  indicate  that  pounding  or 
grinding  with  poles  or  stone  played  a  part  in  smoothing,  and  possibly  deepening,  the 
holes.  The  broader  depression  around  the  mouths  of  holes  at  sites  one,  three,  and  five 
seems  consistent  with  processing  materials  in  the  holes  with  poles  that  struck  the  edge  of 
the  hole  creating  flaring  mouths  of  some  of  the  holes.  All  Type  one  holes  hold  water. 

The  possible  uses  of  Type  One  holes  is  hinted  at  by  associated  features.  The  presence  of 
elongate,  shallow  grinding  or  mortar  depressions  in  association  with  the  deeper  holes  at 
Site  One  indicate  that  seed  grinding  was  probably  done  in  the  shallow  elongate  mortars 
and  that  the  deeper  round  holes  were  for  another  purpose.  This  purpose  was  most  proba¬ 
bly  cooking  or  possibly  rendering  nut  oil  or  leaching  acorns.  Paired  holes  at  Sites  Two 
through  Five  may  have  functioned  as  paired  processing  and  storage  vessels.  At  Site  Five 
a  groove  connects  the  pair  of  holes  and  could  have  been  used  to  render  nut  oil  in  one  and 
skim  it  off  into  the  other  via  the  groove.  Large  holes  at  Sites  One  and  Two  could  have 
been  used  to  store  water. 

The  only  diagnostic  cultural  features  associated  with  Type  One  holes  are  the  petroglyphs 
at  Sites  One,  Two  and  Four.  Large  bird  tracks  or  “turkey  tracks”  are  found  at  each  site. 
However,  the  predominant  petroglyph  images  at  Site  Four  are  human  foot  prints.  Several 
images  probably  made  by  Mississippian  people  are  present,  but  the  other  art  seems  con¬ 
sistent  with  late  Archaic  or  early  Woodland  times.  The  possession  of  ceramics  by  Wood¬ 
land  and  Mississippian  peoples  makes  it  seem  unlikely  that  they  would  have  expended 
the  work  to  create  these  stone  “vessels”.  I  think  it  is  most  likely  that  the  Type  One  holes 
were  made  by  late  Archaic  peoples.  The  absence  of  tilled  ground  near  any  of  the  sites 
made  the  location  of  prehistoric  village  or  camp  sites  associated  with  the  hole  sites 
impractical.  I  suggest  the  name  Pot  Rock  for  this  type  of  hole  in  Illinois. 

The  second  or  Type  Two  rock  hole  is  represented  by  Site  Six,  Mortar  Cave.  This  type  of 
rock  hole  differs  from  Type  Two  by  being  conical  and  tapering  from  a  large  hole  at  the 
opening  to  a  much  smaller  hole  at  the  bottom  and  by  being  in  a  rock  shelter.  The  one  rep¬ 
resentative  of  this  type  historically  held  a  pestle  that  was  surely  used  to  grind  or  pulverize 
seeds  (Allen  1936).  Holes  similar  to  this  in  rock  shelters  of  the  Green  River  basin  in 
Kentucky  were  called  “Hominy  Holes”  by  Webb  and  Funkhouser  (1929)  and  similar 
holes  in  eastern  Kentucky  are  attributed  to  the  late  Archaic  by  Ison  (personal  communi¬ 
cation,  2001). 
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Rock  shelters  are  common  across  the  Shawnee  Hills  of  southern  Illinois,  but  no  other 
shelters  with  mortars  of  this  type  are  known  to  me.  Easily  carried  flat  slabs  of  sandstone 
with  shallow  circular  grinding  depressions  were  once  common  in  these  shelters  but 
mostly  have  been  taken  by  collectors.  These  locally  called  “grind  stones”  do  not  appear 
to  have  served  the  same  function  as  the  Type  Two  hole.  Although  early  to  middle  wood¬ 
land  pottery  was  found  in  Mortar  Cave,  I  speculate  that  the  Type  Two  hole  is  contempo¬ 
raneous  with  similar  features  in  Kentucky  and  probably  dates  to  the  late  Archaic.  I  sug¬ 
gest  the  name  Hominy  Hole  for  this  type  in  Illinois. 

The  third  and  final  type  of  bedrock  hole  in  this  study  is  the  very  large  excavations  in  rock 
at  Site  Seven,  the  Indian  Churn  Site.  Five  of  the  13  holes  of  this  type  hold  water  and  the 
remainder  do  not.  They  all  have  more  or  less  rough  interiors  and  show  no  evidence  of 
grinding  and  apparently  were  constructed  by  cutting  and  pecking  with  hard  stone  as  dis¬ 
cussed  in  the  description  of  the  site.  Those  with  drainage  from  the  bottom  could  have 
been  used  for  food  storage  or  for  leaching  acorns.  Those  that  hold  water  may  have  been 
used  to  cook,  soak,  or  otherwise  process  food  stuffs  and  may  have  been  for  water  storage. 
The  two  smaller  incomplete  holes  at  this  site  could  have  been  used  for  cooking  as  well. 
These  holes  could  be  called  Rock  Pits  and  seem  to  be  associated  with  a  hunter-  gatherer 
lifeway. 

In  conclusion,  the  bedrock  holes  I  studied  in  southern  Illinois  can  be  divided  into  three 
types,  and  all  of  them  may  be  from  the  same  time  period,  the  late  Archaic. 

ACKNOWLEDGMENTS 

I  thank  Ron  Whiting  for  leading  me  to  two  sites,  John  A.  Schwegman,  Martha  Schweg- 
man,  Jack  Deaton,  and  Max  Hutchison  for  help  with  the  field  work  and  A1  Appel,  Everett 
Evans,  and  Bob  Harper  for  permission  to  study  sites  on  their  property. 


REFERENCES  CITED 

Allen,  J.  W.  1936.  Notes  of  historian  John  W.  Allen  in  the  Allen  collection,  Morris  Library,  South¬ 
ern  Illinois  University,  Carbondale,  IL. 

Anonymous.  1966.  Outdoor  Illinois  Magazine’s  Guide  Map  to  Johnson,  County,  Illinois.  Outdoor 
Illinois  Magazine,  Benton,  IL. 

Franklin,  J.  D.  2001.  Personal  Communication  from  Jay  D.  Franklin,  Department  of  Anthropology, 
University  of  Tennessee,  Knoxville,  TN. 

Gremillion,  K.  S.  2001.  Personal  Communication  from  Kristen  Gremillion,  Department  of  Anthro¬ 
pology,  Ohio  State  University,  Columbus,  OH. 

Ison,  C.  R.  2001.  Personal  Communication  from  Cecil  R.  Ison.  Daniel  Boone  National  Forest, 
Winchester,  KY. 

Schwegman,  J.  E.,  G.  B.  Fell,  M.  Hutchison,  G.  Paulson,  W.  M.  Shepherd  and  J.  White.  1973. 
Comprehensive  Plan  for  the  Illinois  Nature  Preserves  System  part  2,  The  Natural  Divisions  of 
Illinois.  Illinois  Nature  Preserves  Commission,  Springfield,  32  pp. 

Webb,  W.  S.  and  W.  D.  Funkhouser.  1929.  The  So-called  “Hominy  Holes”  of  Kentucky.  American 
Anthropologist  31:4,  pp.  701-709. 


171 


Figure  1 .  View  of  the  north  end  of  the  Indian  Kettles  site  showing  the  elongate  grinding 
surfaces  and  one  round  “Pot  Rock”.  The  “Pot”  is  30  cm  in  diameter  and  25  cm 
deep. 
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Figure  2.  View  of  the  A1  Appel  Site.  Petroglyphs  are  to  the  right  of  the  holes. 


Figure  3.  View  of  the  center  of  the  A1  Appel  “Pots”  looking  down  slope  toward  the 
branch.  Note  the  paired  “Pots”,  often  with  a  low  connection  between  a  deep 
and  shallow  hole. 
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Figure  4.  One  of  the  “Pots”  at  Footprint  Rock  showing  that  it  was  constructed  by  drilling 
numerous  3  cm  diameter  holes  and  then  breaking  out  the  intervening  rock.  This 
hole  is  16  cm  in  diameter  and  13  cm  deep. 


Figure  5.  View  of  Mortar  Cave  showing  the  back  of  the  shelter  and  boulder  with  the 
mortar  hole.  The  hole  has  an  average  diameter  of  19  cm  and  is  25  cm  deep. 
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Figure  6.  The  method  of  construction  of  holes  at  the  Indian  Churn  Site.  Note  the  cut 
groove  around  the  outside  and  the  hole  drilled  in  the  center.  Apparently  as  the 
hole  was  cut  deeper  the  rock  in  the  center  was  broken  out.  It  has  an  average 
diameter  of  49  cm  and  a  depth  of  46  cm. 
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Figure  7.  The  largest  “churn”  at  the  Indian  Churn  Site.  It  holds  water  and  has  a  calcu¬ 
lated  capacity  of  717  liters  or  189  gallons.  Note  the  post  hole  digger  at  its  lower 
edge  and  the  rough  interior. 
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ABSTRACT 

Mimosa  strigillosa  Torrey  &  A.  Gray,  powderpuff,  is  reported  as  an  addition  to  the  flora 
of  Illinois.  This  species  has  been  found  growing  along  the  Ohio  River  in  Massac  County 
and  at  the  confluence  of  the  Ohio  and  Mississippi  Rivers  in  Alexander  County. 


INTRODUCTION 

While  surveying  public  owned  sites  in  preparation  for  a  summer  flora  course  in  July 
2002,  a  population  of  Mimosa  strigillosa  Torrey  &  A.  Gray,  powderpuff,  was  located  at 
Fort  Defiance  State  Historic  Site  in  Alexander  County,  Illinois.  It  was  later  discovered 
that  John  Schwegman  had  collected  this  species  from  Massac  County,  Illinois,  along  the 
Ohio  River  in  July  2000.  Voucher  specimens  were  collected  at  each  site  and  have  been 
deposited  at  the  Illinois  Natural  History  Survey  Herbarium  in  Champaign,  Illinois 
(ILLS).  Nomenclature  for  associated  species  follows  Mohlenbrock  (1986). 

SPECIES  DESCRIPTION  AND  COLLECTION  INFORMATION 

Mimosa  strigillosa  Torrey  &  A.  Gray  is  now  known  from  8  states  in  the  Coastal  Plain 
Physiographic  Province  of  the  southeastern  United  States,  ranging  from  Georgia  and 
Florida,  west  to  Texas  and  north  to  Missouri  (Isley,  1998,  USDA,  NRCS,  2002).  It  is  also 
found  in  Argentina,  Mexico,  Paraguay,  and  Uruguay  (USDA,  NRCS,  2002).  Powderpuff 
is  a  prostrate  perennial  herb  with  annual  stems  that  reach  up  to  4  m  long.  The  stems  are 
usually  covered  with  long  bristle-like  hairs  that  point  up  the  stem.  The  stems  are  not  usu¬ 
ally  prickly  as  is  common  with  most  other  species  of  Mimosa.  Leaves  are  alternate  and 
twice  pinnate  compound,  with  each  leaf  having  4  to  6  pairs  of  pinnae  and  each  pinna 
having  10  to  15  pairs  of  leaflets.  The  leaf  will  close  up  slowly  upon  disturbance.  The 
most  distinguishing  feature  of  the  flowers  is  the  long  pink  to  purple  filaments  that  are 
long  exerted  from  the  petals.  Each  filament  is  terminated  with  a  yellow  anther.  The  fruit 
is  an  oblong  legume  from  1.5  to  2.0  cm  long  that  is  segmented  and  is  usually  covered 
with  bristle-like  hairs.  The  fruit  splits  at  each  segment,  which  is  typically  5  mm  in  length. 
This  species  is  found  in  open  sandy  habitats  in  pinelands,  meadows,  along  streams,  and  in 
hammock  forests  (Small  1933,  Correll  and  Johnston  1970,  Isley  1998,  Diggs,  et  al.  1999). 
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Collection  Information 

1)  Massac  County,  IL,  local  along  bank  of  Ohio  River  at  mile  marker  949.  29  July  2000. 
John  Schwegman  s.n.  2)  Alexander  Co.,  IL,  local  along  bank  of  Mississippi  River  at  top 
of  rip-rap  approximately  100  yards  from  the  confluence  of  the  Ohio  and  Mississippi  Riv¬ 
ers.  7  July  2002.  Mark  A.  Basinger  s.n.  Associated  species  included  Amaranthus  spp. 
(amaranth),  Chamaesyce  maculata  (L.)  Small  (nodding  spurge),  C.  humistrata  (Engelm.) 
Small  (riverbank  spurge),  C.  serpens  (HBK.)  Small  (round-leaved  spurge),  C.  supina 
(Raf.)  Moldenke  (creeping  spurge),  Cynanchum  laeve  (Michx.)  Pers.  (blue  vine),  Era- 
grostis  cilianensis  (All.)  Mosher,  (stinking  love  grass),  Heliotropium  indicum  L.  (blue 
heliotrope),  Ipomoea  lacunosa  L.  (white  morning  glory),  Rorippa  sylvestris  (L.)  Bess, 
(creeping  yellow  cress),  and  Tribulus  terrestris  L.  (punctureweed). 

The  status  of  powderpuff  in  Illinois  as  native  or  adventitve  is  problematic.  At  the  Massac 
County  station,  this  species  has  survived  severe  drought  and  flooding  since  its  initial  dis¬ 
covery  in  2000.  Associated  species  are  primarily  native  riverbank  species  such  as  Amor- 
pha  fruticosa  L.  (false  indigo),  Cynanchum  laeve ,  Diodia  virginiana  L.  (rough  button- 
weed),  and  Spermacoce  glabra  Michx.  (smooth  buttonweed).  John  Schwegman  (personal 
communication)  feels  that  powerpuff  is  native  to  this  site  and  that  it  has  moved  north  in 
response  to  a  warming  climate.  At  the  second  station  in  Alexander  County,  powerpuff 
occurs  at  the  top  of  a  rip  rap  zone  with  a  mixture  of  native  and  non-native  taxa.  There  is  a 
substantial  amount  of  barge  traffic  at  both  sites,  therefore,  powerpuff  may  be  adventitve 
at  this  site.  Since  the  center  of  the  distribution  of  this  species  lies  in  the  lower  Mississippi 
River  floodplain  region  of  Mississippi  and  Louisiana  and  these  reports  are  range  exten¬ 
sions  over  200  miles  north  of  the  primary  distribution  (Isley  1998),  powerpuff  may  best 
be  considered  adventitve  in  Illinois. 
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ABSTRACT 

The  vascular  flora  of  Big  Creek  Woods  Memorial  Nature  Preserve  (BCWMNP),  Rich¬ 
land  County,  Illinois  was  studied  during  the  1998  to  2001  growing  seasons.  A  total  of 
237  vascular  plant  taxa  representing  174  genera  and  81  families  was  observed.  Of  those 
taxa,  one  was  a  gymnosperm,  eight  fern  or  fern  allies,  51  monocots,  and  177  dicots.  The 
families  with  the  largest  number  of  taxa  were  the  Asteraceae  (22  taxa),  Poaceae  (17), 
Cyperaceae  (14),  Liliaceae  (10),  and  Rosaceae  (10).  The  state  endangered  plant  Stenan- 
thium  gramineum  (Ker)  Morong  (grass-leaved  lily)  was  observed.  The  canopy  vegetation 
of  the  upland  forest  was  sampled  in  September  1998  and  density  (#/ha),  basal  area 
(m2/ha),  relative  density,  relative  dominance,  importance  value  (IV  =  200)  and  average 
diameter  at  breast  height  (dbh)  were  determined  for  each  overstory  tree  species.  Density 
(stems/ha)  was  determined  for  woody  seedlings  and  small  and  large  saplings.  Acer 
saccharum  Marsh,  (sugar  maple)  was  the  dominant  overstory  species  (IV  =  76.8) 
accounting  for  nearly  half  of  all  trees  encountered  and  57.8%  of  trees  less  than  39.9  cm 
dbh.  Carya  ovata  (Mill.)  K.  Koch  (shagbark  hickory)  (IV  =  24.2)  and  Carya  glabra 
(Mill.)  Sweet  (pignut  hickory)  (IV  =  21.9)  were  present  in  moderate  numbers  in  the 
smaller  diameter  classes,  but  were  absent  from  the  larger  diameter  classes.  Quercus 
velutina  Lam.  (black  oak)  and  Quercus  alba  L.  (white  oak)  were  present  in  low  numbers 
and  had  TV’s  of  18.7  and  18.5  respectively.  Sugar  maple  accounted  for  76.2%  of  large 
saplings  encountered  while  Asimina  triloba  (L.)  Dunal  (pawpaw)  dominated  the  small 
sapling  category  and  Fraxinus  americana  L.  (white  ash)  was  the  most  frequently 
encountered  seedling.  Selective  harvesting  of  oaks  in  the  1950's  has  shifted  the 
composition  of  the  forest  from  oak-hickory  to  sugar  maple-hickory. 


INTRODUCTION 

Big  Creek  Woods  Memorial  Nature  Preserve  (BCWMNP)  is  a  16.2  ha  (40  acre)  nature 
preserve  located  approximately  5  km  south  of  Olney,  Richland  County,  Illinois.  Frances 
A.  Cline  donated  the  area  to  the  Nature  Conservancy  in  April  of  1967  as  a  memorial  to 
George  Cline  and  Julia  Cline  from  their  children.  The  area  was  formally  dedicated  as  an 
Illinois  nature  preserve  on  June  25,  1970,  and  subsequently  conveyed  to  the  Board  of 
Trustees  of  Eastern  Illinois  Community  Colleges,  District  529,  as  a  gift  on  September  3, 
1986.  The  study  site  is  managed  by  Olney  Central  College,  Olney,  Illinois  and  serves  as 
an  interpretive  center  and  outdoor  education  area.  Prior  to  the  present  study,  no  quantita- 
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tive  surveys  had  been  undertaken  in  the  preserve.  The  purpose  of  this  study  was  to  pro¬ 
vide  an  assessment  of  the  forest  community  and  base  line  data  for  future  studies. 

DESCRIPTION  OF  THE  WOODLOT 

Big  Creek  Woods  Memorial  Nature  Preserve  (SW  1/4,  SE  1/4,  Sect.  15,  T3N,  R10E,  3 
P.M.)  is  located  in  the  Effingham  Plain  Section  of  the  Southern  Till  Plain  Natural  Divi¬ 
sion  of  Illinois  (Schwegman  1973).  Richland  County,  Illinois  has  a  continental  climate 
characterized  by  hot  summers  and  cold  winters.  Observations  at  Flora,  Illinois,  the  near¬ 
est  continuously-recording  National  Weather  Service  station,  report  January  as  the  cold¬ 
est  month  with  an  average  high  of  2°  C  and  an  average  low  of  -7°  C  (The  Weather  Chan¬ 
nel  2002).  July  is  the  hottest  month  with  an  average  high  of  31°  C  and  an  average  low  of 
19°  C.  Average  annual  precipitation  is  115.0  cm  which  falls  mostly  as  rain  from  March 
through  July.  The  average  number  of  days  between  the  last  freeze  in  the  spring  until  the 
first  freeze  in  fall  is  184  (Holhubner  and  Fehrenbacher  1972). 

Big  Creek  Woods  is  situated  in  an  area  of  gently  rolling  topography  in  the  drainage  basin 
of  Big  Creek  that  flows  from  west  to  east  through  the  site.  Elevation  of  the  site  ranges 
from  129  m  to  149  m  (425  to  475  feet)  above  sea  level.  Sandstone  outcrops  of  the 
Mattoon  formation  of  the  Pennsylvanian  System  are  present  in  the  streambed  and  on  a 
steep  north-facing  slope  along  Big  Creek  (Willman  et  al.  1975). 

Mesic  floodplain  and  terrace  forest  communities  predominate  on  the  north  and  east  por¬ 
tions  of  the  preserve  while  dry-mesic  upland  forest  is  restricted  to  the  south-central  por¬ 
tion.  The  floodplain  forest  is  a  young  to  mature  forest  that  covers  approximately  6.5  ha 
(16  acres).  It  is  composed  primarily  of  Quercus  palustris  Muenchh  (pin  oak),  Acer 
rubrum  L.  (red  maple),  and  Liquidambar  styraciflua  L.  (sweet  gum),  with  Acer  negundo 
L.  (box  elder)  and  Betula  nigra  L.  (river  birch)  as  lesser  associates.  This  area  had  been 
cleared  and  farmed  until  about  1940  (Big  Creek  Woods  Memorial  Committee  1971).  The 
soil  of  the  floodplain  forest  is  deep,  poorly  drained,  nearly  level  Belknap  silt  loam  that  is 
subject  to  frequent  flooding  of  short  duration  during  the  wetter  portions  of  the  year  (Hol¬ 
hubner  and  Fehrenbacher  1972). 

The  upland  forest  is  mature  third  growth  forest  composed  primarily  of  Acer  saccharum 
Marsh,  (sugar  maple),  Carya  spp.  (hickory)  and  Quercus  spp.  (oak)  and  covers  approxi¬ 
mately  9.7  ha  (24.0  acres).  Most  of  the  larger  Quercus  alba  L.  (white  oak)  were  harvested 
around  1953  for  use  in  the  production  of  barrel  staves  (Big  Creek  Woods  Memorial 
Committee  1971).  The  soil  of  the  upland  forest  is  well-drained  Hickory  loam  that  formed 
in  Illinoian  glacial  till  overlain  with  loess  (Holhubner  and  Fehrenbacher  1972). 

METHODS 

Observations  to  determine  the  vascular  flora  of  the  site  were  conducted  during  the  grow¬ 
ing  seasons  of  1998  to  2001.  Voucher  specimens  for  each  species  were  collected,  identi¬ 
fied,  and  deposited  in  the  Stover-Ebinger  Herbarium  at  Eastern  Illinois  University, 
Charleston,  Illinois.  Nomenclature  follows  Mohlenbrock  (1986).  Designation  of  intro¬ 
duced  species  follows  Mohlenbrock  (1986)  and  Gleason  and  Cronquist  (1991). 
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In  September  1998,  three  transect  lines  were  established  in  an  east- west  orientation  along 
compass  lines  at  sixty  meter  intervals  in  the  upland  portion  of  the  Preserve.  Nested  cir¬ 
cular  plots  of  0.03,  0.01,  0.001,  and  0.0001  ha  were  established  at  30  meter  intervals 
along  each  transect  line.  Four  additional  0.001  and  0.0001  ha  plots  were  established 
seven  meters  from  the  center  of  each  plot  in  each  of  the  cardinal  compass  directions. 
Number,  diameter,  and  species  were  recorded  for  all  trees  10  cm  dbh  or  larger  in  each  of 
the  0.03  ha  plots.  The  number  of  large  saplings  equal  to  or  greater  than  2.5  cm  but  less 
than  10  cm  dbh  was  recorded  in  each  0.01  ha  plot.  The  number  of  small  saplings  equal  to 
or  greater  than  50  cm  in  height  but  less  than  2.5  cm  in  diameter  was  recorded  in  the  0.001 
ha  plot  and  the  number  of  woody  seedlings  less  than  50  cm  in  height  was  recorded  in 
each  0.0001  ha  plot.  Dead-standing  trees  were  also  measured  and  identified.  Density 
(trees/ha),  basal  area  (m2/ha),  relative  density,  relative  dominance,  importance  value  (IV 
=  200),  and  average  diameter  (cm)  were  determined  for  each  overstory  tree  species. 
Density  (stems/ha)  was  determined  for  large  and  small  saplings  and  woody  seedlings. 

The  Floristic  Quality  Index  (FQI)  was  determined  for  the  preserve  using  the  coefficient 
of  conservatism  (C  value)  assigned  to  each  species  by  Taft  et  al.  (1997).  The  C  value  for 
each  taxon  in  the  Illinois  flora  was  determined  by  assigning  each  an  integer  from  0  to  10 
based  on  the  species  tolerance  to  disturbance  and  its  fidelity  to  habitat  integrity.  Non¬ 
native  species  and  native  species  that  are  most  successful  in  damaged  habitats  are 
assigned  a  C  value  of  0.  Species  that  are  restricted  to  natural  areas  are  assigned  C  values 
of  10.  The  average  C  value  is  determined  by  summing  all  C  values  and  dividing  that 
number  by  species  richness  (N)  (average  C  value  =  XC  value/N).  Thus,  the  FQI  is  a 
weighted  index  of  the  species  richness  (N),  and  is  the  arithmetic  product  of  the  average  C 
value  and  the  square  root  of  the  species  richness  (  Vn  )  of  an  inventory  site  [FQI  =  aver¬ 
age  C  value(  VN )].  For  relatively  small  areas  that  are  fairly  intensively  studied  floristi- 
cally,  the  FQI  can  provide  rapid  means  of  comparison,  and  an  indication  of  the  floristic 
integrity  of  the  site. 

A  nested  circular  plot  was  centered  over  the  grass-leaved  lily  population  to  assess  ground 
cover  and  associate  species.  Ground  cover,  herbaceous  taxa,  woody  taxa  less  than  50  cm 
tall,  shrubs  and  small  saplings  were  sampled  in  a  0.01  ha  plot.  Large  saplings  and  trees 
greater  10  cm  dbh  were  sampled  in  a  0.03  ha  plot. 

RESULTS 

Overstory  and  woody  understory  composition  and  structure 

A  total  of  22  tree  species  was  encountered  during  the  sampling  of  the  overstory.  Of  that 
number,  Cornus  florida  L.  (flowering  dogwood),  Cercis  canadensis  L.  (redbud)  and  Sas¬ 
safras  albidum  (Nutt.)  Nees  (sassafras)  were  understory  trees  that  have  little  potential  of 
reaching  the  canopy  (Table  1).  Overall  tree  density  was  370.7  trees/ha  and  total  basal  area 
was  26.261  m2/ha.  Tree  density  and  diversity  were  greatest  in  the  plots  along  the  south¬ 
ernmost  transect  line.  An  average  of  seven  tree  species  was  encountered  in  each  of  the 
eleven  plots.  Tree  density  in  plots  located  along  that  transect  line  averaged  466  trees/ha. 
The  remaining  plots  located  along  the  two  transect  lines  near  the  center  of  the  woodlot 
averaged  only  four  tree  species  per  plot  with  two  plots  containing  only  sugar  maple.  Tree 
density  in  plots  along  those  transect  lines  averaged  316  trees/ha. 
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Sugar  maple  was  the  dominant  overstory  tree  accounting  for  nearly  half  of  all  individuals 
encountered  (Table  1).  It  was  particularly  abundant  in  the  10  to  29.9  cm  diameter  classes 
where  it  accounted  for  64%  of  the  trees  encountered.  Sugar  maple  also  had  the  highest 
relative  dominance  (27.4)  and  importance  value  (76.8). 

Carya  ovata  (Mill.)  K.  Koch  (shagbark  hickory)  was  second  in  importance  value  and 
relative  density  in  the  overstory  trees  (Table  1).  It  was  evenly  distributed  in  the  smaller 
diameter  classes,  but  was  not  encountered  in  the  larger  diameter  classes.  Carya  glabra 
(Mill.)  Sweet  (pignut  hickory)  ranked  third  in  importance  value  being  present  in  low 
numbers  in  most  diameter  classes.  Carya  tomentosa  (Poir.)  Nutt,  (mockernut  hickory) 
was  present  in  low  numbers  in  the  medium  diameter  classes. 

Quercus  velutina  Lam.  (black  oak)  and  white  oak  ranked  fourth  and  fifth  respectively  in 
importance  value  because  of  their  larger  diameters,  between  40  and  50  cm.  Both  species 
were  present  in  low  numbers  in  the  smaller  diameter  classes.  The  remaining  overstory 
trees  were  present  in  very  low  numbers  with  densities  less  than  4.5  stems  /ha  and  I.V.’s 
below  4.0. 

Four  dead-standing  trees  were  encountered.  These  included  one  Platanus  occidentalis  L 
(sycamore)  -  75.9  cm  dbh,  one  Fraxinus  americana  L.  (white  ash)  -  15.0  cm  dbh,  one 
hickory  -  13.1  cm  dbh  and  one  flowering  dogwood  -  10.5  cm  dbh. 

Understory  composition  and  structure 

A  total  of  25  species  was  encountered  during  the  sampling  of  the  understory.  Of  that 
number,  Euonymus  atropurpurea  Jacq.  (wahoo),  Sambucus  canadensis  L.  (elderberry), 
Staphylea  trifolia  L.  (bladdernut),  Symphoricarpos  orbiculatus  Moench  (coralberry)  and 
Viburnum  prunifolium  L.  (black  haw)  were  native  shrubs.  Amelanchier  arborea  (Michx. 
f.)  Fern,  (serviceberry),  Asimina  triloba  (L.)  Dunal  (pawpaw),  and  red  bud  were  under¬ 
story  trees  and  Lonicera  maackii  (Rupr.)  Maxim,  (bush  honey  suckle  )  was  a  non-native 
shrub.  Sugar  maple  ranked  first  in  density  in  the  large  sapling  category,  accounting  for 
over  76%  of  the  individuals  encountered  (Table  2).  It  ranked  in  third  in  density  among 
the  small  saplings.  Oaks  and  hickories  were  nearly  absent  in  the  large  sapling  category 
and  were  present  in  low  numbers  in  the  small  sapling  category. 

White  ash  was  the  most  abundant  species  in  the  woody  seedling  category  (Table  2). 
Prunus  serotina  Ehrh.  (wild  black  cherry)  and  sugar  maple  were  present  in  moderate 
numbers.  Hickories  were  present  in  low  numbers  while  the  oaks  were  nearly  absent. 

With  the  exception  of  pawpaw  and  Ulmus  rubra  Muhl.  (red  elm),  most  understory  tree 
species  were  not  well  represented.  Pawpaw  was  present  in  moderate  numbers  in  the 
seedling  and  sapling  categories,  but  no  individuals  exceeded  10  cm  dbh.  This  species, 
which  commonly  root  sprouts,  had  a  clumped  distribution,  being  restricted  to  lower  ele¬ 
vations  and  more  mesic  slopes. 

Red  elm  in  the  seedling  and  small  sapling  categories  was  scattered  throughout  the  forest 
in  relatively  high  numbers  as  root  sprouts  from  mature  individuals.  Few  actual  seedlings 
were  encountered.  Similar  results  have  been  observed  in  other  upland  forests  of  east-cen¬ 
tral  Illinois  where  as  many  as  95%  of  red  elm  saplings  were  sprouts  from  horizontal  root 
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systems  (Davis  et  al.  1998).  Such  root  sprouts  are  relatively  short-lived,  rarely  exceeding 
nine  years  in  age. 

Flowering  dogwood  and  redbud  averaged  about  1  stem/ha,  had  extremely  low  IV’ s,  and 
were  nearly  absent  from  the  seedling  and  sapling  categories.  Redbud  and  serviceberry 
were  restricted  to  the  edge  of  the  woods  or  the  more  open  areas  near  Big  Creek. 

In  the  shrub  category,  wahoo  and  bladdernut  were  present  on  the  more  mesic  slopes. 
Coralberry  was  present  in  the  drier,  more  disturbed  areas  in  the  southwest  portion  of  the 
preserve. 

The  present  study  indicates  that  BCWMNP  is  a  sugar  maple-shagbark  hickory  forest 
which  represents  a  dramatic  shift  in  the  composition  of  the  forest  since  presettlement 
times.  Prior  to  settlement,  the  tree  density  of  the  upland  forests  in  neighboring  Lawrence 
and  Crawford  Counties  was  about  150  trees/ha  with  the  dominant  trees  being  white  oak, 
black  oak,  and  hickories  (Edgin  1996,  Edgin  and  Ebinger  1997).  At  nearly  371  trees/ha, 
the  average  tree  density  at  Big  Creek  Woods  is  about  2.5  times  that  of  presettlement  con¬ 
ditions. 

The  most  frequent  understory  species  in  the  presettlement  upland  forests  of  Lawrence  and 
Crawford  Counties  were  black  oak,  white  oak,  hickories,  elms,  and  Corylus  americana 
Walt,  (hazelnut)  (Edgin  1996,  Edgin  and  Ebinger  1997).  These  species  are  present  in  low 
or  moderate  numbers  in  most  categories  at  BCWMNP.  The  predominance  of  sugar  maple 
among  the  smaller  diameter  trees  and  in  the  seedling  and  sapling  categories  combined 
with  the  relative  lack  of  other  species  would  indicate  that  the  forest  has  shifted  to  a  sugar 
maple  forest.  Oak  and  hickory  species  have  essentially  been  eliminated  from  the  sapling 
categories  due  to  shading  and  it  is  highly  unlikely  that  those  individuals  present  in  the 
seedling  category  will  survive  to  become  mature  specimens.  This  shift  from  an  oak-hick¬ 
ory  forest  toward  a  sugar  maple  forest  is  indicative  of  many  forests  in  Illinois  (McClain 
and  Ebinger  1968,  Newman  and  Ebinger  1985,  Roovers  and  Shifley  1997,  Shotola  et  al. 
1992). 

A  total  of  237  species  and  subspecific  taxa  in  174  families  and  81  genera  was  encoun¬ 
tered  in  the  study  area  (Appendix  I).  Of  that  number,  22  (10.8%)  were  non-native  taxa 
with  bush  honeysuckle  and  and  Lonicera  japonica  Thunb.  (Japanese  honeysuckle)  being 
particularly  abundant  in  the  southern  portion  of  the  Preserve.  Families  with  the  largest 
number  of  individual  taxa  were  the  Asteraceae  (22  taxa),  Poaceae  (17),  Cyperaceae  (14), 
Liliaceae  (10),  and  Rosaceae  (10).  Genera  with  the  largest  number  of  individual  taxa 
were  Carex  (12  taxa),  Quercus  (7)  and  Polygonum  (5). 

The  average  C  value  for  BCWMNP  was  3.47  when  all  species  were  included  in  the  cal¬ 
culation  and  3.82  when  the  calculation  included  only  the  native  species.  Of  the  species 
encountered,  only  Stenanthium  gramineum  and  Uvularia  sessilifolia  L.  (sessile-leaved 
bellwort)  had  C  values  higher  than  seven.  The  floristic  integrity,  as  measured  using  the 
FQI,  was  50.88  when  the  calculation  included  all  species  and  58.81  when  the  calculation 
included  only  native  species.  Areas  with  an  FQI  of  35  of  higher  may  be  regionally  note¬ 
worthy  while  sites  with  an  FQI  of  45  or  higher  may  be  of  statewide  significance  (Taft  et 
al.  1997).  Although  the  FQI  for  BCWMNP  is  relatively  high,  this  value  seems  to  be  more 
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a  function  of  species  richness  rather  than  the  integrity  of  the  habitat  in  which  the  species 
occur. 

Stenanthium  gramineum 

The  population  of  grass-leaved  lily  consisted  of  106  plants.  One  flowering  plant  was 
observed  during  the  growing  season  of  2000  and  four  flowering  plants  were  observed  in 
2001.  Twelve  of  the  plants  were  rather  small,  possessing  one  to  three  basal  leaves  that 
were  less  than  30  cm  in  length,  and  may  be  seedlings. 

The  population  appears  to  be  stable,  but  is  confined  to  an  area  about  3  m  wide  and  4  m 
long  near  the  crest  of  a  north-facing  slope.  Ground  cover  consisted  of  leaf  litter  (95%), 
bare  soil  (4%)  and  sandstone  (1%).  The  soil  in  the  vicinity  of  the  plants  was  somewhat 
sandy  in  texture  with  fragments  of  sandstone  bedrock  just  below  the  surface,  but  did  not 
appear  to  be  subject  to  erosion.  Soil  disturbance  and  invasion  by  non-native  species  are 
perhaps  the  greatest  threats  to  this  population. 

Tree  density  in  the  plot  centered  over  Stenanthium  population  averaged  275  trees  /ha  and 
included  white  oak,  black  oak,  Quercus  rubra  L.  (red  oak),  shagbark  hickory,  pignut 
hickory,  sugar  maple,  and  Fraxinus  pennsylvanica  Marsh,  (green  ash).  Large  sapling 
density  was  325  stems/ha  with  flowering  dogwood  and  sugar  maple  being  the  only 
species  encountered.  Small  sapling  density  was  1400  stems/ha  with  pawpaw,  sugar 
maple,  red  elm,  white  ash,  and  wild  black  cherry  being  encountered. 

Associated  herbaceous  and  woody  taxa  less  than  50  cm  tall  included  sugar  maple,  bush 
honeysuckle,  Asarum  canadense  L.  var.  reflexum  (Bickn.)  Robbins  (wild  ginger),  Carex 
spp.,  Cystopteris  protrusa  (Weatherby)  Blasd.  (fragile  fern),  Galium  circaezans  Michx. 
(wild  licorice),  Impatiens  capensis  Meerb.  (spotted  touch-me-not),  Osmorhiza  longistylis 
(Torr.)  DC  var.  villicailis  Fern,  (sweet  cicely),  Parthenocissus  quinquefolia  (L.)  Planch. 
(Virginia  creeper),  Phryma  leptostachya  L.  (lopseed),  wild  black  cherry,  Sanicula  spp. 
(snakeroot),  Smilacina  racemosa  (L.)  Desf.  (false  Solomon’s  seal)  and  Smilax  spp.  (cat- 
briar). 
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Table  1.  Density  (#/ha)  by  diameter  class  (cm),  total  denisty  (#/ha),  basal  area  (m2/ha),  relative  values,  importance  value,  and  average  diameter 
(cm)  of  tree  species  encountered  during  sampling  at  Big  Creek  Woods  Memorial  Nature  Preserve,  Richland  County,  Illinois. 
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Totals  167.6  72.0  60.0  42.3  21.1  4.4  3.3  370.7  26.261  100.0  100.0  200.0 
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Table  2.  Density  (#/ha)  of  seedlings,  small  saplings,  and  large  saplings  encountered  at 
Big  Creek  Woods  Memorial  Nature  Preserve,  Richland  County,  Illinois. 


Species 

Seedlings 

Small  Saplings 

Large  Saplings 

Fraxinus  americana 

16200 

73 

23 

Prunus  serotina 

7666 

60 

— 

Ulmus  rubra 

5800 

906 

40 

Acer  saccharum 

4133 

393 

270 

Asimina  triloba 

1866 

806 

6 

Euonymus  atropurpurea 

1266 

— 

— 

Carya  spp. 

933 

— 

— 

Celtis  occidentalis 

866 

46 

— 

Carya  cordiformis 

533 

13 

— 

Symphoricarpos  orbiculatus 

400 

60 

— 

Liriodendron  tulipifera 

266 

— 

— 

Lonicera  maackii 

266 

6 

— 

Staphylea  trifolia 

133 

66 

— 

Nyssa  sylvatica 

133 

13 

— 

Amelanchier  arborea 

133 

— 

— 

Sambucus  canadensis 

133 

— 

— 

Quercus  rubra 

133 

— 

— 

Quercus  alba 

133 

— 

3 

Cercis  canadensis 

66 

20 

6 

Gleditsia  triacanthos 

66 

— 

— 

Quercus  velutina 

66 

— 

— 

Carya  ovata 

— 

13 

3 

Morus  rubra 

— 

6 

— 

Viburnum  prunifolium 

— 

6 

— 

Carya  glabra 

— 

— 

3 

Totals 

41191 

2487 

354 
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APPENDIX  I 

The  vascular  flora  of  Big  Creek  Woods  Memorial  Nature  Preserve,  Richland  County, 
Illinois  is  arranged  alphabetically  within  each  taxonomic  group.  Introduced  species  are 
indicated  by  an  asterisk  (*).  Endangered  species  are  indicated  by  a  plus  sign  (+).  After  the 
binomial  and  author  citation,  the  community  in  which  the  taxon  was  observed  (l=upland 
forest,  2=floodplain  forest,  3=sandstone  outcropping)  and  collection  number  is  given. 


PTERIDOPHYTA 

ASPLENIACEAE 

Asplenium  platyneuron  (L.)  Oakes;  1,  3; 
E3437 

Cystopteris  protrusa  (Weatherby)  Blasd.;  1, 
2,  3;  E3436 

Onoclea  sensibilis  L.;  2;  E3595 
Polystichum  acrostichoides  (Michx.)  Schott; 
1,3;  E3427 

EQUISETACEAE 
Equisetum  arvense  L.;  2;  E3461 

OPHIOGLOSSACEAE 
Botrychium  dissectum  Spreng.  var.  obliquum 
(Muhl.)  Clute;  1,2;  E5205 
Botrychium  virginianum  (L.)  Sw.;  1,  2; 
E3307 

Ophioglossum  vulgatum  L.  var. 
pycnostichum  Fern.;  2;  E3313 

GYMNOSPERMAE 

CUPRESSACEAE 

Juniperus  virginiana  L.;  1;  E3299 

MONOCOTYLEDONAE 

ARACEAE 

Arisaema  dracontium  (L.)  Schott;  1,  2; 
E5464 

Arisaema  triphvllum  (L.)  Schott;  1, 2;  E3300 
CYPERACEAE 

Car  ex  blanda  Dewey;  1,  2;  E3316 
Car  ex  davisii  Schwein.  &  Torr.;  2;  E3468 
Car  ex  frankii  Kunth.;  2;  E3656 
Car  ex  glaucodea  Tuckerm.;  1 ;  E5 1 89 
Carex  grayi  Carey;  2;  E3473 


Carex  grisea  Wahlenb.;  1;  E3593 
Carex  hirsutella  Mack.;  2;  E3466 
Carex  hirtifolia  Mack.;  2;  E3442 
Carex  jamesii  Schwein.;  2;  E3470 
Carex  lupulina  Willd.;  2:  E5170 
Carex projecta  Mack.;  2;  E3472 
Carex  rosea  Willd.;  2;  E5465 
Carex  squarrosa  L.;  2;  E3469 
Scirpus  atrovirens  Willd.;  2;  E5466 

COMMELINACEAE 
Tradescantia  subaspera  Ker.;  2;  E3677 
Tradescantia  virginiana  L.;  1;  E3455 

DIOSCOREACEAE 

*Dioscorea  batatas  Dene.;  3;  E3452 

Dioscorea  quaternata  Walt.;  1;  E3447 

IRIDACEAE 

Iris  shrevei  Small;  2;  E5171 
JUNCACEAE 

Juncus  tenuis  Willd.;  1;  E3480 
LILIACEAE 

Allium  canadense  L.;  1,2;  E5467 
Erythronium  albidum  Nutt.;  1,  2;  E3208 
Erythronium  americanum  Ker.;  2;  E3207 
Lilium  michiganense  Farw.;  2;  E3432 
*Ornithogalum  umbellatum  L.;  2;  E5468 
Polygonatum  commutatum  (Schult.)  A. 
Dietr.;  1,  2;  E5468a 

Smilacina  racemosa  (L.)  Desf.;  1,  2;  E3428 
+Stenanthiurn  gramineum  (Ker)  Morong;  1 ; 
E3592 

Trillium  recurvatum  Beck.;  1,  2;  E3197 
Uvularia  sessilifolia  L.;  2;  E3310 

POACEAE 

Agrostis  hyemalis  (Walt.)  BSP;  1;  E3682 
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*Bromus  commutatus  Schrad.;  1;  E3479 
Chasmanthium  latifolium  (Michx.)  Yates;  2; 
E3674 

Cinna  arundinacea  L.;  2;  E3679 
Danthonia  spicata  (L.)  Roem.  &  Schultes; 

1;  E3471 

*Eleusine  indica  (L.)  Gaertn.;  2;  E5202 
Elymus  canadensis  L.;  2;  E3672 
Elymus  villosus  Muhl.;  2;  E5208 
Elymus  virginicus  L.;  2;  E3474 
Festuca  obtusa  Biehler;  2;  E3478 
Glyceria  striata  (Lam.)  Hitchcock;  2;  E3477 
Leersia  virginica  Willd.;  2;  E5186 
Muhlenberia  frondosa  (Poir.)  Fern.;  1; 
E5459 

Panicum  lanuginosum  Ell.;  1;  E3476 
Panicum  latifolium  L.;  2;  E3600,  E3475 
Paspalum  pubiflorum  Rupr.  var.  glabrum 
Vasey;  2;  E3795 
*Setaria  faberi  Herrm.;  2;  E5213 

SMILACACEAE 

Smilax  hispida  Muhl.;  2;  E3667 

Smilax pulverulenta  Michx.;  1;  E3443 

DICOTYLEDONAE 

ACANTHACEAE 
Ruellia  strepens  L.;  2;  E3459 

ACERACEAE 
Acer  negundo  L.;  2;  E5191 
Acer  rubrum  L.;  2;  E5168 
Acer  saccharinum  L.;  2;  E5469 
Acer  saccharum  Marsh.;  1;  E5174 

AMARANTHACEAE 
Amaranthus  hybridus  L.;  2;  E5174 

ANACARDIACEAE 
Toxicodendron  radicans  (L.)  Kuntze;  1,  2; 
E5470 

ANNONACEAE 

Asimina  triloba  (L.)  Dunal;  1,  2;  E3305 


APIACEAE 

Chaerophyllum  procumbens  (L.)  Crantz.;  2; 
E3216 

Cryptotaenia  canadensis  (L.)  DC;  2;  E3460 
Erigenia  bulbosa  (Michx.)  Nutt.;  2;  E3212 
Osmorhiza  claytonii  (Michx.)  Clark;  1 ; 
E3202 

Osmorhiza  longistylis  (Torr.)  DC  var. 

villicaulis  Fern.;  1,2;  E3302 
Sanicula  canadensis  L.;  1,2;  E3429 
Zizia  aurea  (L.)  Koch;  2;  E3306 

APOCYNACEAE 

Apocynum  cannabinum  L.;  1;  E3657 

ARALIACEAE 

Panax  quinquefolius  L.;  1;  E3434 

ARISTOLOCHIACEAE 
Aristolochia  sepentaria  L.;  2;  E5184 
Asarum  canadense  L.  var.  reflexum  (Bickn.) 
Robbins;  2;  E3312 

ASTERACEAE 

Ambrosia  artemisiifolia  L.;  2;  E5160 
Antennaria  plantaginifolia  (L.)  Richards;  1; 
E5209 

Aster  lateriflorus  (L.)  Britt.;  2;  E5471 
Aster  x  sagittifolius  Wedem;  1 ;  E5452 
Cacalia  atriplicifolia  L.;  2;  E5175 
Eclipta  prostrata  (L.)  L.;  2;  E5215 
Erigeron  annuus  (L.)  Pers.;  2;  E3458 
Erigeron  philadelphicus  L.;  2;  E3315 
Eupatorium  purpureum  L.;  2;  E3675 
Eupatorium  rugosum  Houtt.;  1;  E3604 
Eupatorium  serotinum  Michx.;  1;  E5164 
Helianthus  divaricatus  L.;  1;  E3602 
Heliopsis  helianthoides  (L.)  Sweet;  1; 

E5176 

Lactuca  floridana  (L.)  Gaertn.;  1,  2;  E5201 
Rudbeckia  hirta  L.;  1;  E5472 
Rudbeckia  laciniata  L.;  2;  E5148 
Senecio  glabellus  Poir.;  2;  E5473 
Silphium  perfoliatum  L.;  2,  E5474 
Solidago  canadensis  L.;  1;  E5451 
Solidago  gigantea  Ait.;  1;  E3804 
Solidago  ulmifolia  Muhl.;  1 ;  E3609 
Verbesina  alternifolia  (L.)  Britt.;  2;  E5475 
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BALSAMINACEAE, 

Impatiens  capensis  Meerb.;  2;  E3422a, 
E3658 

BERBERIDACEAE 

*Berberis  thunbergii  DC;  1;  E3213 

Podophyllum  peltatum  L.;  1,2;  E3297 

BETULACEAE 
Betula  nigra  L.;  2;  E5204 

BIGNONIACEAE 

Campsis  radicans  (L.)  Seem.;  1,  2;  E3591 
Catalpa  speciosa  (Warder)  Englem.;  2; 
E3668 

BORAGINACEAE 

Cynoglossum  virginianum  L.;  2;  E3430 
Mertensia  virginica  (L.)  Pers.;  1,  2;  E3210 

BRASSICACEAE 

Cardamine  bulbosa  (Schreb.)  BSP;  2; 
E3308 

*Cardamine  hirsuta  L.;  2;  E3215 

CAESALPINIACEAE 

Cercis  canadensis  L.;  1,  2;  E3665 

Gleditsia  triacanthos  L.;  2;  E3445 

CAPRIFOLIACEAE 
*Lonicera  japonica  Thunb.;  1,  2;  E5153 
*Lonicera  maackii  (Rupr.)  Maxim.;  1,  2,  3; 
E5195 

Sambucus  canadensis  L.;  1,  2;  E5446 
Symphoricarpos  orbiculatus  Moench;  1,  2; 
E3211 

Viburnum  prunifolium  L.;  1,  2;  E3655 

CARYOPHYLLACEAE 

Silene  stellata  (L.)  Ait.  f.;  1;  E3605 

*Stellaria  media  (L.)  Vill.;  2;  E3201 

CELASTRACEAE 
Celastrus  scandens  L.;  3;  E5151 
*Euonymus  alata  (Thunb.)  Sieb.;  1;  E3309 
Euonymus  atropurpurea  Jacq.;  1,  2;  E3670 
*Euonymus  europaea  L.;  2;  E5447 


CONVOLVULACEAE 
Calystegia  sepium  (L.)  R.Br.  spp.  americana 
(Sims)  Brummitt;  2;  E3601 

CORNACEAE 

Cornus  drummondii  C.A.  Mey.;  2;  E5476 
Cornus  florida  L.;  1;  E3298 

CORYLACEAE 

Carpinus  caroliniana  Walt.;  1,3;  E3448, 
E5200 

Corylus  americana  Walt.;  1;  E5150 
Ostrya  virginiana  (Mill.)  K.  Koch;  1; 
E5476a 

CUSCUTACEAE 

Cuscuta  polygonorum  Engelm.;  2;  E5214 
EBENACEAE 

Diospyros  virginiana  L.;  1;  E5181 
ELAEAGNACEAE 

*Elaeagnus  umbellata  Thunb.;  1;  E5477 

EUPHORBIACEAE 

Acalypha  rhomboidea  Raf.;  2;  E5450 

FABACEAE 

Amorpha  fruticosa  L.;  2;  E5152 
Apios  americana  Medic.;  2;  E5478 

FAGACEAE 

Quercus  alba  L.;  1,  2;  E5192 
Quercus  bicolor  Willd.;  2;  E5168 
Quercus  imbricaria  Michx.;  1;  E5197 
Quercus  macrocarpa  Michx.;  2;  E3433 
Quercus  palustris  Muenchh;  2;  E5177 
Quercus  rubra  L.;  1,  2;  E5218 
Quercus  velutina  Lam.;  1;  E5272 

GERANIACEAE 

Geranium  maculatum  L.;  1;  E5479 

HAMAMELIDACEAE 
Liquidambar  styraciflua  L.;  2;  E3433 

HYDRANGEACEAE 
Hydrangea  arbor escens  L.;  3;  E3465 
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HYDROPHYLLACEAE 
Hydrophyllum  macrophyllum  Nutt.;  2; 
E3456 

HYPERICACEAE 

Hypericum  punctatum  Lam.;  2;  E3663 
Hypericum  prolificum  L.;  1,2;  E5206 

JUGLANDACEAE 
Carya  cordiformis  (Wang.)  K.  Koch;  1; 
E3454 

Carya  glabra  (Mill.)  Sweet;  1;  E5193 
Carya  ovata  (Mill.)  K.  Koch;  1,  2;  E5480 
Carya  tomentosa  (Poir.)  Nutt.;  1;  E5173 
Juglans  nigra  L.;  1,  2;  E5165 

LAMIACEAE 

Agastache  nepetoides  (L.)  Ktze.;  1;  E5481 
*Glechoma  hederacea  L.  var.  micranthra 
Moricand;  2;  E3214 
*Lamium  purpureum  L.;  1,2;  E3202 
Monarda  bradburiana  Beck.;  1;  E5161 
*Prunella  vulgaris  L.;  2;  E5155 
Pycnanthemum  tenuifolium  Schrad.;  1  ; 
E3660 

Scutellaria  incana  Biehler;  1;  E3608 
Stachys  tenuifolia  Willd.  var.  hispida 
(Pursh)  Fern.;  2;  E3681 
Teucrium  canadense  L.  var.  virginicum  (L.) 
Eat.;  2;  E3659 

LAURACEAE 

Lindera  benzoin  (L.)  Blume;  2;  E5482 
Sassafras  albidum  (Nutt.)  Nees;  1;  E5207 

MAGNOLIACEAE 

Liriodendron  tulipifera  L.;  1,  2;  E3446 

MENISPERMACEAE 
Menispermum  canadense  L.;  1,2;  E3662 

MORACEAE 

* Maclura  pomifera  (Raf.)  Schneider;  1,  2; 
E3673 

*Morus  alba  L.;  1;  E5187 
NYSSACEAE 

Nyssa  sylvatica  Marsh.;  1;  E5483 


OLEACEAE 

Fraxinus  americana  L.;  1,  2;  E5162 
Fraxinus pennsylvanica  Marsh.;  1,  2;  E3671 

ONAGRACEAE 

Circaea  lutetiana  Aschers.  and  Magnus  spp. 
canadensis  (L.)  Aschers.  and  Magnus;  1, 
2;  E3599 

OXALIDACEAE 
Oxalis  stricta  L.;  1;  E3435 
Oxalis  violacea  L.;  1;  E5484 

PAPAVERACEAE 

Dicentra  cucullaria  (L.)  Bemh.;  1,  2;  E3200 
Sanguinaria  canadensis  L.;  1,  2;  E3198 

PASSIFLORACEAE 

Passiflora  lutea  L.  var.  glabriflora  Fern.;  2; 
E5163 

PHYTOLACCACEAE 
Phytolacca  americana  L.;  1;  E3596 

PHRYMACEAE 

Phryma  leptostachya  L.;  1;  E3603 

PLATANACEAE 

Platanus  occidentalis  L.;  2;  E3666 

POLEMONIACEAE 
Phlox  divaricata  L.  spp.  laphamii  (Wood) 
Wherry;  1,  2;  E3209 
Phlox paniculata  L.;  2;  E3669 
Polemonium  reptans  L.;  2;  E3303 

POLYGONACEAE 

*  Polygonum  cespitosum  Blum.  var. 

longisetum  (Debruyn)  Stewart;  2;  E3453, 
E3716 

Polygonum  hydropiperoides  Michx.;  2; 
E5203 

*  Polygonum  persicaria  L.;  2;  E5448 
Polygonum  punctatum  Ell.;  2;  E3803 
Polygonum  virginianum  L.;  1,  2;  E3661 
*Rumex  crispus  L.;  2;  E3451 
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PORTULACACEAE 
Claytonia  virginica  L.;  1, 2;  E3206 

PRIMULACEAE 

*Lysimachia  nummularia  L.;  2;  E3440 

RANUNCULACEAE 
Anemone  virginiana_ L.;  1;  E3606 
Actaea  pachypoda  Ell.;  1;  E3589 
Clematis  virginiana  L.;  2;  E5156 
Delphium  tricorne  Michx.;  1;  E3304 
Hydrastis  canadensis  L.;  1;  Not  collected 
Isopyrum  biternatum  (Raf.)  Torr.  &  Gray;  2; 
E3204 

Ranunculus  abortivus  L.;  2;  E2203 
Ranunculus  septentrionalis  Poir.;  2;  E3462, 
E3317 

ROSACEAE 

Agrimonia  rostellata  Wallr.;  1;  E3606, 
E5154 

Amelanchier  arborea  (Michx.  f.)  Fern.;  2; 
E5485 

Aruncus  dioicus  (Walt.)  Fern.;  2;  E3464 
Geum  canadense  Jacq.;  1;  E5159 
Geum  vernum  (Raf.)  Torr.  &  Gray;  1;  E5486 
Prunus  serotina  Ehrh.;  1,  2;  E5198 
*Rosa  multiflora  Thunb.;  1,  2;  E5180 
Rosa  palustris  Marsh.;  2;  E5487 
Rosa  setigera  Michx.;  2;  E3590 
Rubus  occidentalis  L.;  1;  E5488 

RUB  I  ACE  AE 

Cephalanthus  occidentalis  L.;  2;  E3449 
Galium  aparine  L.;  2;  E3437 
Galium  circaezans  Michx.;  1;  E3438 
Galium  concinnum  Torr.  &  Gray;  2;  E3441 


SCROPHULARIACEAE 
Penstemon  digitalis  Nutt.;  1;  E3463 
Scrophularia  marilandica  L.;  2;  E5188 

SOLANACEAE 

Physalis  heterophylla  Nees;  2;  E5217 
Solanum  ptycanthum  Dunal;  2;  E5216 

STAPHYLEACEAE 
Staphylea  trifolia  L.;  1;  E5182 

ULMACEAE 

Celtis  occidentalis  L.;  1,  2;  E5190 
Ulmus  americana  L.;  1,  2;  E5199 
Ulmus  rubra  Muhl.;  1,  2;  E5179 

URTICACEAE 

Boehmeria  cylindrica  (L.)  Sw.;  2;  E3678 
Laportea  canadensis  (L.)  Wedd.;  2;  E3678 
Parietaria  pensylvanica  Muhl.;  1;  E3599 
Pilea  pumila  (L.)  Gray;  1,  2;  E5149 

VERBENACEAE 

Verbena  urticifolia  L.;  2;  E3664 

VIOLACEAE 

Hybanthus  concolor  (T.  F.  Forst.)  Spreng.; 
1;  E5183 

Viola  pubescens  Ait.  var.  eriocarpa 
(Schwein.)  Russell;  1,  2;  E331 1 
Viola  striata  Ait.;  2;  E3314 
Viola  sororia  Willd.;  1,  2;  E3205 

VITACEAE 

Parthenocissus  quinquefolia  (L.)  Planch.;  1, 
2;  E5158 

Vitis  aestivalis  Michx.;  1,  2;  E3444 


SALICACEAE 

Populus  deltoides  Marsh.;  2;  E5489 
Salix  nigra  Marsh.;  2;  E5490 

SAURURACEAE 
Saururus  cernuus  L.;  2;  E5185 


SAXIFRAGACEAE 
Penthorum  sedoides  L.;  2;  E5210 
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ABSTRACT 

Violet  band  formation  at  the  tip  of  the  upper  lip  in  flowers  of  Collinsia  heterophylla 
Buist,  2N=14,  (Scrophulariaceae)  is  controlled  by  multiple  dominant  alleles  of  the  three 
recessive  white  flower  (wh  w2,  w3)  loci:  W,  narrow  violet  band;  W1™  carmine-tinged  vio¬ 
let  band;  and  Wb,  broad  violet  band  extending  to  the  base  of  the  lip.  The  W\  Wk\  and  Wb 
alleles  are  recessive  to  the  wild-type  homologs  Wh  W2,  and  W3.  For  the  band  to  be 
expressed  homozygosity  at  one  band  locus  is  required;  presence  of  additional  violet  band 
alleles  of  the  remaining  two  loci  widens  the  band.  Mutations  at  the  keelless  (Id)  and 
superflower  (sf)  gene  loci,  occurring  in  the  pre-reproductive  or  an  early  stage  of  floral 
ontogeny,  condition  the  retrogressively  altered  flowers  to  express  the  violet  (W),  carmine 
(Kn)  and  other  genes’  phenotypes  in  floral  parts  where  the  wild-type  genotype  prevents 
their  expression. 


INTRODUCTION 

The  pentamerous,  zygomorphic,  sympetalous  flowers  of  Collinsia  heterophylla  Buist 
(Scrophulariaceae),  have  a  two-lobed  upper  lip  and  a  three-lobed  lower  lip  with  two  side 
lobes  and  a  longitudinally  folded  middle  lobe  (keel)  harboring  four  didynamous  stamens 
and  a  two-carpellate  pistil.  The  taxonomic  literature  describes  the  wild-type  flowers  of  C. 
heterophylla  as  having  a  violet  lower  lip  and  a  white  upper  lip  (Abrams,  1951).  Accord¬ 
ing  to  Rasmuson  (1920),  two  recessive  genes  (a  and  b)  produce  mutants  having  white 
flowers.  Hiorth  (1930,1933)  confirmed  their  existence,  labeled  them  white- 1  (w7)  and 
white-2  (w2),  and  added  a  third  white  flower  gene  (w3)  to  the  list.  The  Wj  is  linked  with 
the  F  locus  (white  vein  and/or  dots  on  cotyledons  and/or  leaves;  Hiorth,  1930).  Further 
genetic  analyses  (Gorsic,  1957)  agreed  with  Hiorth’s  interpretation  of  white  flower 
inheritance  in  C.  heterophylla ,  except  regarding  the  existence  of  the  third  white  flower 
gene  (w3)  which  has  not  been  encountered.  Hiorth’s  three-  W-loci  theory  of  violet  flower 
inheritance  acquired  confirmation  from  another  angle  -  namely  the  investigation  of 
inheritance  of  violet  band  of  flower’s  upper  lip  -  reported  below.  Genetic  analyses  indi¬ 
cate  that  the  violet  band  formation  is  controlled  by  specific  dominant  W  alleles  of  the 
three  white  flower  loci  (wh  w2,  w5),  and  that  the  violet  band  is  restricted  to  the  tip  of  the 
upper  lip  of  the  morphologically  wild-type,  that  is,  zygomorphic  flowers. 
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In  the  wild-type  zygomorphic  flowers  the  action  of  the  W  genes  is  restricted  to  the  lower 
lip,  so  is  the  action  of  the  gene  LI,  producing  colored  midvein  of  the  side  lobes  (Hiorth, 
1930).  Whereas,  the  action  of  the  Kn  gene,  controlling  carmine  coloration,  is  restricted  to 
the  upper  lip  of  the  flower  (Hiorth,  1930).  In  morphologically  altered  flowers  of  keelless 
(kl)  and  superflower  ( sf)  mutants  (Gorsic,  1994)  the  phenotypic  expressions  of  W,  LI  and 
Kn  genes  appear  to  be  shifted  to  other  petals  of  the  flower.  This  differential  coloration  of 
petals  of  upper  versus  lower  lip  in  morphologically  altered  flowers  has  been  investigated 
and  the  results  are  reported  below. 

Plants  of  this  investigation  were  grown  from  seeds  obtained  from  previous  greenhouse 
cultures  planted  by  the  author.  The  cultivation  and  hybridization  methods  used  in  the 
investigative  process  have  been  described  (Gorsic,  1994).  In  calculating  the  fitness  of 
segregation  ratios  (X2),  the  Yates’  correction  factor  has  been  applied  for  cultures  with  a 
population  size  below  50. 

INHERITANCE  OF  VIOLET  AND  WHITE  BAND  OF  THE  UPPER  LIP 

The  dominant  W  alleles  of  the  three  white  flower  loci  wh  w2,  and  w3,  were  assumed  to 
have  no  effect  on  the  coloration  of  flower’s  upper  lip.  Observation  that  in  cultures  segre¬ 
gating  for  violet  ( W)  and  white  (w)  flowering  plants  some  individuals  of  the  violet  group 
had  violet  tipped  upper  lip  (Fig.  1)  and  some  members  of  the  white  flowered  group  had  a 
white  tipped  upper  lip  (Fig.  2)  suggested  that  this  parallel  behavior  of  violet  and  white 
bands  in  the  upper  lip  may  be  explained  by  assuming  that  the  specific  W  alleles  produce 
the  bands  whose  expression  is  inhibited  in  recessive  flowers.  The  white  band  of  the  upper 
lip  in  white  flowers  may  be  white  for  the  same  reason  the  lower  lip  is  white  in  ww  geno¬ 
type.  The  violet  band  gene  has  been  labeled  W,  and  its  behavior  in  crosses  was  investi¬ 
gated. 

Crosses  between  plants  with  flowers  exhibiting  the  violet  band  at  the  tip  of  the  upper  lip, 
and  the  wild-type  plants  exhibiting  no  such  band  produced  progenies  whose  flowers  were 
devoid  of  violet  band  indicating  that  the  violet  band  is  a  recessive  trait.  The  selfings  and 
intercrosses  of  hybrid  plants  without  violet  band  and  selfings  of  some  plants  with  the 
violet  band  produced  progenies  whose  individuals  varied  from  having  no  violet  band  to 
plants  with  only  faint  specks  of  violet  to  having  2-4mm  wide  violet  band  on  the  upper  lip 
(Table  1,  Fig.  1).  The  variation  in  width  of  violet  band  was  so  great  that  the  two  W  loci 
(W/  and  W2V )  could  not  provide  sufficient  number  of  genotypes  to  accommodate  all 
observed  phenotypic  classes.  Therefore,  the  three-fk-loci  hypothesis  (Wh  W2,  W3)  of 
violet  flower  inheritance  in  C.  heterophylla,  suggested  by  Hiorth,  appeared  agreeable.  By 
hybridization  and  selfing  it  has  been  established  that  for  the  violet  band  to  be  expressed 
the  W  gene  must  be  homozygous  at  least  at  one  locus  (WW).  The  presence  of  additional 
W  alleles  of  the  remaining  two  W  loci  adds  to  the  width  and  intensity  of  the  band. 

Because  the  W  alleles  of  all  three  loci  behave  in  the  same  manner  the  numbering  them  is 
dispensed  of  in  the  following  summary  relating  upper  lip  phenotypes  of  W  plants  to  cor¬ 
responding  genotypes  below. 
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Genotypes 

Upper  lip  (UL) 
phenotype 

kn  Kn  Fig 

1 .  WWWWWW,  and  heterozygotes  involving  one,  two,  or 
all  three  w  alleles 

No  violet  band 

UL°  Kn°  1, 

14 

2.  Single  (W  W),  double  (W  WW  W),  or  triple 

No  violet  band  or 

C 

r 

o 

$ 

o 

(WWWWWW)  heterozygotes  involving  W  and  Vkor  w 
alleles 

trace  of  violet 

14 

3.  Homozygotes  for  W  at  any  one  locus  (WWWWWW, 
etc.) 

Faint  violet  band  or 
violet  patches 

UL(v)  Kn{y)  1,3 

4.  Homozygous  at  any  one  locus  (WW)  plus  heterozygous 
(VF’W)  at  one  or  both  remaining  VFloci 

Violet  band 

l-2mm  wide 

ULv  l  Kn v  l  1,3 

5.  Homozygotes  at  any  two  W  loci,  including 

heterozygotes  at  the  third  locus  (WWWWWW,  etc.) 

Violet  band 

2-3mm  wide 

ULV‘2  Kn v'2  1,2 

6.  Homozygotes  at  all  three  W  loci  (W  W  W  W  W  W) 

Violet  band 

3-4  mm  wide 

UU~3  Kny~3  2,3 

The  widths  in  millimeters  (mm)  are  approximations  because  the  violet  band  often  fades 
gradually  at  the  lower  margin.  Other  factors  affecting  the  intensity  and/or  width  of  the 
violet  bands  of  the  upper  lip:  (1)  intensifier  gene  (In\  Gorsic,  1957),  (2)  upper  lip  colored 
gene  (0;  Hiorth,  1931;  Gorsic,  1957),  (3)  heterozygosity  involving  w  genes,  and  (4)  size 
of  the  flower  (upper  lip). 

Penetrance  of  W  alleles  of  all  three  loci  varies  slightly  so  that  some  heterozygotes  (WW, 
WWWW,  WWWWWW)  may  exhibit  a  trace  of  violet  at  the  tip  of  the  upper  lip  (ULtr, 
scored  in  UL°  class).  For  this  reason  it  was  not  always  possible  to  distinguish  with  cer¬ 
tainty  the  WVWWWWW  (UL(V))  from  WWWWWW  (ULv  l),  or  WWWWWW 
(ULV~2),  from  WWWWWW  (ULV  3).  The  genotypes  of  these  plants  having  overlapping 
phenotypes  can  be  ascertained  by  examining  progenies  of  their  selfings  exhibiting  either 
uniformity  or  segregation  for  the  violet  band.  The  fact  that  e.g.,  in  progenies  of  selfings 
of  UL<V)  plants,  no  ULV'3  plants  have  ever  been  observed,  or  that  ULV'2  and  ULV  3  plants 
when  selfed  never  produced  a  plant  without  a  violet  band  on  the  upper  lip  (UL°)  give 
credence  to  this  interpretation  of  inheritance  of  the  upper  lip  band  (Table  1,2). 

In  addition  to  the  W  alleles  two  more  violet  band  alleles,  Wkv  and  Wb,  have  been  identi¬ 
fied.  (1)  W1™,  producing  carmine-tinged  violet  band  (Fig.  1),  behaves  in  the  same  manner 
as  the  W  alleles,  and  in  combination  with  them,  particularly  when  in  the  homozygous 
state  (W*VW*V),  imposes  a  distinct  carmine-tinge  upon  the  band.  Its  presence  is  most  dras¬ 
tically  demonstrated  in  flowers  with  carmine  ( Kn )  colored  upper  lip  (see  below).  (2)  W6, 
producing  in  homozygous  state  ( )  when  associated  with  homozygous  WW  and/or 
WkvWkv  a  4-5mm  wide  violet  band  extending  laterally  to  the  base  of  upper  lip  (Fig.  4,  6). 
The  presence  of  one  W*  allele  in  double  and  triple  homozygotes  for  violet  band  genes 
appreciably  increases  the  width  of  the  band  (ULV  4,  Fig.  4);  in  all  other  combinations  the 
Wh  behaves  as  a  W  allele.  The  rare  allele  is  a  member  of  w2  locus,  and  is  in  most 
cases  associated  with  white  fleck  gene  (Wf;  Gorsic,  1957)  affecting  the  folding  of  petals 
of  the  lower  lip. 

In  white  flowers  (w)  the  violet  band  is  expressed  as  a  white  band  at  the  tip  of  bluish  upper 
lip  (Fig.  2,  6;  Table  1).  Due  to  the  fewer  number  of  dominant  W,  Wkv  and  alleles  in 
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white  flowers’  genotypes  -  for  w;wy  and  w2w2  plants  the  maximum  being  four,  and  for 
wlw1w2w2  plants  two,  in  contrast  to  six  for  violet  (W)  flowers  -  the  variability  in  width  of 
the  white  band  is  lower  than  for  the  violet  band  of  violet  flowers.  The  white  band  of  the 
W]W,W2bW2bW3vW3v  white  flower  (ULv4)  is  a  mirror  image  of  violet  band  of 
W,  W]  W2  W2  W3W3  violet  flower  (ULv4).  In  white  flowering  plants,  exhibiting  pure 
white  upper  lip,  the  white  band  cannot  be  discerned. 

The  violet  and  white  bands  on  the  upper  lips  are  expressed  in  plants  exhibiting  carmine 
( Kn )  colored  upper  lip  as  well.  Intricate  interactions  between  W ,  Wkv  and  Wh  genes  and 
Kn  gene  produced  an  array  of  phenotypes.  The  width  and  intensity  of  violet  band  in  car¬ 
mine  colored  flowers  (Kn/—)  depends  on  the  number,  type,  and  zygosity  status  of  the  W 
alleles  of  the  three  W  loci  (Table  2).  Three  distinct  phenotypes  unique  for  carmine  flow¬ 
ers  exhibiting  a  violet  band  at  the  tip  of  the  upper  lip  have  been  observed:  (1)  Kn  '  = 
Kn(v)’v-\  carmine  with  diluted  tip  (Fig.  3).  The  W jvWjvW2W2W3W3Kn/-  and  any  other 
single  locus  homozygote  for  violet  band  (except  W2W2)  carrying  one  extra  W  or  W*v 
apparently  cannot  produce  sufficient  concentration  of  pigment  to  be  expressed  as  a  dis¬ 
tinct  violet  band  -  in  old  flowers  some  violet  may  appear  in  the  diluted  margin.  (2)  Knvz, 
the  violet  band  separated  from  carmine  by  a  white  zigzag  (z)  line  (Fig.  2,  3,  4).  Depend¬ 
ing  on  the  number  of  W  and/or  alleles  in  the  genotype,  the  width  of  the  band  varies 
from  l-5mm:  e.g.  KnY  2z  =  W /W/W/W/W^Kn/-,  Kn v'3z  =  W IvWIvW2vW2bW3W3Kn/~9 
Knv  3z  =  W/W/W/W/W/W/,  Knv4z  =  W,vWjvW2vW2bW3vW3\  or  W,vWIvW2bW2bW3vW3v.  (3) 
A>?vn,  the  violet  band  confluent  with  carmine  (n,  no  zigzag  separation  line,  Fig.  3,  4,  5): 
e.g.  Kn,  2n  =  W  jvWjvW2kvW2h’W3W3Kn/-,  Knw-3n  =  W/W/W/W/W^W^Kn/-,  Knw'4n  = 
Wj v Wj v W2  Wb W3kv Wj^Kn/- - .  Plants  with  these  genotypes  carrying  intensifier  gene  (In) 
exhibited  a  particularly  exaggerated  confluent  line  (Fig.  3).  In  homozygous  WkvWkv  indi¬ 
viduals,  the  blending  of  the  bands  is  complete,  in  heterozygotes,  W*VW,  Wh'W,  W^W6, 
including  heterozygotes  involving  w  alleles,  the  blending  is  not  complete  and  a  weak 
demarcation  line  is  discernible.  The  somewhat  turbid  separation  line  between  violet  and 
carmine,  observed  in  flowers  of  some  plants  carrying  no  Wkv  gene,  is  probably  due  to  the 
coupling  association  of  Kn  and  0  (colored  upper  lip  gene);  OKn  combination  produces 
violet-impregnated  carmine  upper  lip  (instead  of  pure  carmine)  giving  the  weak  demar¬ 
cation  line  a  pinkish  tinge.  In  some  Kn  plants  carrying  two  or  more  W1™  genes  the  terminal 
part  of  the  upper  lip  is  diluted  or  devoid  of  all  pigmentation  (Knv'2nA,  Fig.  5),  possibly  due 
to  a  negative  interaction  between  Kn  and  W*v  genes  all  of  which  enhance  carmine 
pigment  formation  leading  to  overproduction  and  chemical  imbalance  (Straus,  1999). 

Coloration  of  the  upper  lip  in  C.  heterophylla  and  C.  tinctoria  Hartw.  flowers  are  strik¬ 
ingly  similar  (Figs.  7,  8).  It  is  likely  that  the  intensely  colored  lower  band  of  tinctoria 
flowers  is  a  condensed  carmine  band  (Kn),  and  the  upper  (wider  band)  corresponds  to  the 
violet  band  (W)  of  heterophylla  flowers. 

In  white  flowering  plants  with  the  carmine  upper  lip  (w,WjKn/--,  w2w2Kn/—,  and 
WjWjW^^n/-)  the  width  of  the  terminal  white  band  (designated  Kn'  =  Kn{w)' v_1,  v'2,  v'3,  v~4) 
is  comparable  to  the  width  of  the  violet  band  of  violet  flowering  (W)  plants  having  an 
equivalent  gene  content  and  zygosity  status  regarding  W\  W*v,  and/or  Wb  alleles  (Fig.  2, 
6;  Table  2). 
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DISPLACEMENT  OF  PHENOTYPE 
IN  MORPHOLOGICALLY  ALTERED  FLOWERS 

The  specific  dominant  alleles  W,  Wkv,  and  Wb  producing  violet  bands  in  flowers  of  C. 
heterophylla  act  in  the  realm  of  the  lower  and  upper  lip  in  contrast  to  their  wild-type 
counterparts  Wh  W2,  and  W3  whose  action  is  restricted  exclusively  to  the  lower  lip  of  the 
flower.  Similarly,  the  carmine  ( Kn )  gene,  controlling  carmine  pigmentation,  is  restricted 
to  act  only  in  the  upper  lip  of  bilaterally  symmetric  (zygomorphic)  wild-type  flowers 
(Fig.  2,  3,  5,  6,  14).  These  restrictions  were  apparently  lifted  in  flowers  of  two  recessive 
mutants,  keelless  ( kl ,  klp )  and  superflower  ( sf)  reported  by  Gorsic  (1994). 

Dominant  Kl  gene  controls  folding  of  the  middle  lobe  (keel)  of  the  lower  lip.  The  folded 
keel  has  no  colored  midvein  (//),  is  white  and  has  a  triangular  yellow-tinged  violet  patch 
at  the  tip  (in  Fig.  9,  keel  manually  opened).  There  are  two  recessive  alleles  of  the  Kl 
locus,  kl  and  klp .  In  kl/kl  plants  the  open  keel  assumes  the  appearance  of  side  lobes  of 
lower  lip  in  shape  and  coloration  (Fig.  10).  In  the  kl- type  of  keelless  flowers  all  three 
lobes  of  the  lower  lip  exhibited  the  phenotype  of  the  side  lobes  of  non-modified  flowers. 
In  the  folded  keel  ( Kl /--),  evidently  the  LI  gene  producing  colored  midvein  (Hiorth,  1930) 
and  W  genes  producing  violet  coloration  of  side  lobes  of  lower  lip  have  been  suppressed, 
but  in  the  open  keel  of  keelless  mutants  (kl/kl),  the  suppression  of  LI  and  W  genes  has 
been  eliminated  (Fig.  10). 

In  keelless  flowers  of  the  klp  mutants  (p,  pattern),  the  change  in  phenotype  went  a  step 
further;  in  kF/klp  and  klp/kl  mutants  all  three  lobes  of  the  lower  lip  exhibited  the  basic 
coloration  pattern  of  the  upper  lip:  e.g.,  flowers  of  W,vW]vW2vW2W3W3Kn/-klp/kl  genotype 
exhibited  carmine  pigmentation  and  terminal  violet  band  with  a  white  demarcation  line 
on  all  lobes  of  the  modified  lower  lip  (Fig.  10),  the  W]W,W2W2W3W3kn/knklp/kl  genotype 
produced  flowers  with  bluish  (nearly  white)  upper  and  lower  lip  (Fig.  11),  and 
W]vW]vW2vW2  ’W3’W3Kn/Knklp/kl  genotype  produced  flowers  in  which  upper  and  lower  lip 
lobes  exhibited  carmine  and  violet  band  separated  by  a  white  demarcation  line  (Fig.  12). 
In  all  mutants  of  the  klp- type  the  altered  lower  lip  was  conditioned  physiologically  to 
allow  carmine  (Kn)  and  some  other  genes  normally  expressed  in  the  upper  lip  only  to  be 
expressed  in  the  lower  lip  as  well  (Fig.  10,  11,  12). 

The  most  drastic  departure  from  the  zygomorphic  pattern  of  flower  formation  was 
observed  in  the  superflower  (sf/sf)  mutants.  The  terminal  flowers  of  these  mutants  are 
composed  of  five  or  more  keel-like  petals  exhibiting  typical  keel  coloration  (Fig.  14).  In 
the  keelless  superflower  double  mutants  (sf/sf  kl/kl)  all  keels  of  the  terminal  flowers  were 
modified  into  side  lobes  in  shape  and  coloration,  demonstrating  a  shift  in  phenotypic 
expression  conditioned  by  morphological  alteration  of  flower. 

The  highest  degree  of  transformation  from  zygomorphy  to  actinomorphy  exhibited  flow¬ 
ers  of  keelless  superflower  double  mutants  of  the  klp- type.  The  pentamerous  actinomor- 
phic  terminal  flowers  of  keelless  superflower  double  mutants  (W,WjW2W2W3W3kn/kn 
klp/klp sf/sf)  were  composed  of  5  sepals,  5  identical  petals  exhibiting  the  coloration  pattern 
of  the  upper  lip  of  non-modified  lateral  flowers,  5  stamens  producing  viable  pollen,  and  a 
two-carpellate  pistil  (Fig.  13). 


198 


DISCUSSION 

Alleles  of  the  three  VFloci  control  the  flower  coloration  in  C.  heterophylla  as  follows:  the 
wild-type  Wh  W2,  and  W3  alleles  produce  violet  coloration  of  the  lower  lip,  the  dominant 
W,  W^’,  and  Wb  alleles  in  specific  combinations  control  the  formation  of  violet  lower  lip 
and  violet  band  on  the  tip  of  the  upper  lip,  and  the  recessive  alleles  wh  w2,  and  w3  sup¬ 
press  the  formation  of  violet  pigmentation  in  lower  as  well  as  upper  lip. 

The  violet-mouth-corners  trait  (Fig.  3,  5,  10,  12)  characterized  by  violet  patches  at  the 
site  of  divergence  of  upper  and  lower  lip  is  most  likely  controlled  by  the  W  genes  as  evi¬ 
denced  by  the  fact  that  in  the  white  flowers  (w)  it  is  suppressed  as  all  other  violet  traits 
controlled  by  the  W  genes  are  (Fig.  2,  6).  In  some  cultures  the  violet  patches  of  the  upper 
and  the  lower  lip  mouth  corner  are  associated,  and  in  most  cultures  the  mouth  corner 
violet  coloration  appears  together  with  the  violet  band  of  the  upper  lip,  suggesting  that 
the  violet  mouth  corners  and  the  violet  band  on  the  upper  lip  may  be  controlled  by  the 
same  W  genes.  On  the  basis  of  genetic  analyses  to  date,  it  may  be  stated  that  the  w7  and 
w3  loci  have  three  dominant  alleles  each:  W/,  W,kv,  and  W3,  W3,  W3kv  respectively, 

and  the  w2  locus  has  four:  W2,  W2  v,  W2  \  and  W2.  Further  genetic  tests  may  either  add 
additional  W  alleles  controlling  mouth  corner  (corolla  tube)  coloration  (e.g.,  W11  and  W1  - 
for  upper  vs.  lower  mouth  corner)  or  rename  the  existing  ones  (e.g.,  W\  Wkv  -  for  violet 
mouth  corner  and  upper  lip  violet  band,  and  upper  lip  mouth  corner  and  carmine-tinged 
upper  lip  violet  band  respectively). 

Many  species  of  flowering  plants  with  drastically  zygomorphic  flowers  have  petals 
exhibiting  differential  pigmentation.  In  C.  heterophylla  wild-type  flowers  the  expression 
of  several  genes  ( W ,  Kn,  LI,  and  others)  is  strictly  reserved  for  specific  petals.  Gene 
mutations  that  alter  the  morphology  of  floral  parts  may  lift  these  restrictions  as  exempli¬ 
fied  by  keelless  (kl)  and  superflower  ( sf)  mutants  of  C.  heterophylla.  These  two  mutations 
seem  to  demonstrate  the  “retrogressive  evolution”  from  strict  zygomorphy  to  less  drastic 
zygomorphy  to  nearly  actinomorphic  configuration  of  flowers. 

In  kl- type  keelless  flowers  ( kl/kl )  the  opening  of  the  keel,  although  equalizing  morpho¬ 
logically  the  petals  of  the  lower  lip,  did  not  suffice  to  revert  their  physiology  to  the  level 
at  which  they  would  behave  as  members  of  an  actinomorphic  regime.  In  the  keelless 
mutation  brought  about  by  a  more  potent  klp  gene,  the  alteration  appears  to  have  reached 
the  level  at  which  all  petals  of  the  lower  and  the  upper  lip  behaved  physiologically  as 
being  members  of  an  actinomorphic  flower,  permitting  a  common  phenotypic  expression 
in  all  petals  (Fig.  11,  12). 

Flowers  of  keelless  mutants  (kl/kl  and  kP/kP)  were  morphologically  zygomorphic  but 
terminal  flowers  of  the  keelless  superflower  double  mutants  (kP/kP  sf/sf)  seem  to  have 
reverted  fully  to  the  actinomorphic  flower  configuration  (Fig.  13).  A  C.  heterophylla 
plant  with  this  type  of  pentamerous  flower  in  the  lateral  position  would  be  a  worthy  rep¬ 
resentative  model  of  ancient  presumably  actinomorphic  Protocollinsia. 

Whether  the  mechanisms  controlling  various  expressions  of  numerous  W  alleles  and 
other  genes,  and  mechanisms  restricting  gene  actions  in  floral  development  are  transcrip¬ 
tional  involving  cytokinins,  methylation  types  and/or  transposable  elements  (Kunze  et  al., 
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1997),  or  epigenetic,  that  is,  posttranscriptional  involving  various  RNA  silencing  path¬ 
ways,  remains  to  be  answered  (Voinnet,  2002;  Zamore,  2002). 
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Table  2.  Phenotypic  ratios  of  progenies  for  carmine  ( Kn ),  non-carmine  (hi),  and  violet  band  (W,  W kv,  W b)  or  white  band  of  the  upper  lip  (UL) 
of  flowers  of  Collinsia  heterophylla.  Kn°,  UL°  =  no  violet  band;  Kn(v),  UL<v)  =  faint  violet  band;  Kn  \  Kn  2,  Kn  3,  Kn  4  =  1,  2,  3,  4 
mm  wide  violet  band  in  violet  flowers  (fV)  or  white  band  in  white  flowers  (w).  Kntr  =  trace  of  violet,  Kn(v>  appears  a  Kri\  Expected 
number  of  individuals  are  in  parentheses. 
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Figures  1-8.  Phenotypes  and  genotypes  of  the  upper  lip  (UP)  coloration  of  Collinsia.  Figs. 
1-6  C.  heterophylla.  Figs.  7-8  C.  tinctoria. 


Fig  1.  Left  to  right:  UL°  =  WJvW]W2vW2W3Wr  UL(V) 

=  w,vw,vw7w7wwv  ulv1  =  w;w,vw;w7wywv 
ULv_2  =  w;:w;w2w2wkvwkv. 


Fig  2.  Kr  2V'2  =  w  jW  jW 2W 2W 3 
W;Kn-( left),  Knv  3z= 
W/'W^W/W/W/WjKn-  (right). 


Fig  3.  KnyA  =  W;  W;  W^W2W;W3Kn-  (left), 
Krf- 3n  =  w;w;w;w;w3kvw/vKn-inin 
(middle),  Kn  l(Kn{v))  =  W ;W ;W 2W 2W 3W , 
Kn-  (right). 


Fig  4.  Kn* 4z  =  W/W'WfW'W'W'Kn- 
(left),  ULV'5  =  W'W'WfWfW/W/knht 
(middle),  KnyA*  =  W tvW ,VW 2VW 2bW fW * 
Kn-  (right). 


Fig  7.  Upper  lip  with  carmine-red  and  violet 
band. 


Fig  8.  Upper  lip  with  carmine-red  and 
white  band. 
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Figures  9-14.  Keelless  ( kl,klp )  and  superflower  ( sf)  mutants  of  Collinsia  heterophylla. 


Fig  9.  Flower  with 
manually  opened 
keel. 


Fig  10.  UL(V)  =  W?W,vW2W2W3Wpikn 
klkl  (left),  Knw  l  =  WIVW]VW2VW2W3W3 
KnKnklpklp  (right). 


Fig  11.  UL°  =  WjWj 
W2W2W3W3knkn 
klpkl 


Fig  13.  Pentamerous,  actinomorphic  ter¬ 
minal  flower  of  a  keelless  superflower 
double  mutant:  UL°  =  W} W2 W2 W3 W3 

knknklpklpsfsf. 


Fig  14.  Superflower  W 3VW {W 2W 2W }KnKn 
sfsf(Kn°)  mutant  with  terminal  actinomor¬ 
phic  flower  made  of  keels  only,  and  lateral 
zygomorphic  flowers. 
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ABSTRACT 

Industrial  development  over  the  last  110  years  has  contaminated  many  parts  of  the 
American  Bottoms,  an  extensive  floodplain  of  the  Mississippi  River  just  east  of  St.  Louis, 
MO.  Water  resources  in  this  region  have  been  severely  impacted  by  long-term  misman¬ 
agement  of  hazardous  waste  disposal  by  local  industries.  Toxic  refuse  from  metal  smelt¬ 
ing,  steel  making,  and  wood-treatment  industries  has  been  released  on  site  to  percolate 
into  the  ground  or  to  run  off  into  local  streams  (Colten  1988).  A  record  of  metal  contami¬ 
nation  exists  in  the  sediment  of  Horseshoe  Lake,  a  natural  oxbow  lake  in  the  most  indus¬ 
trialized  portion  of  the  American  Bottoms.  We  examined  two  dated  sediment  cores  from 
Horseshoe  Lake  to  reconstruct  the  historical  record  of  environmental  contamination.  We 
used  isotopes  of  nitrogen  to  track  the  history  of  sewage  contamination  finding  that 
sediment  6I5N  increased  to  values  >10  °/00  in  the  1920's.  Because  such  high  values  of 
615N  are  only  associated  with  the  presence  of  human  or  animal  wastes,  we  deduce  that 
major  contamination  of  the  lake  by  sewage  began  at  that  time.  Lead,  cadmium,  and  zinc 
concentrations  increased  in  the  sediment  after  the  1940's.  The  increase  in  heavy  metals  is 
probably  related  either  to  increased  input  to  the  lake  from  local  industrial  activities  or  the 
use  of  lead  shot  by  local  waterfowl  hunters.  Our  results  provide  a  physical  record  of  con¬ 
tamination  that  is  consistent  with  Colten's  (1988)  description  of  hazardous  waste  disposal 
in  the  American  Bottoms. 


INTRODUCTION 

The  American  Bottoms  is  a  large  area  of  the  Mississippi  River  flood  plain  in  Southwest¬ 
ern  Illinois  located  across  the  river  from  the  city  of  St.  Louis,  MO  (Pig.  1).  This  flood 
plain  contains  a  number  of  large,  highly  industrialized  cities  including  East  St.  Louis  and 
Granite  City,  IL.  Because  of  its  proximity  to  transportation,  Illinois  coal  deposits,  and  the 
availability  of  water  for  industrial  processes;  the  American  Bottoms  became  a  prime 
location  for  heavy  industry  during  the  19th  century  (Colten  1988). 

An  unanticipated  consequence  of  this  early  industrial  development  was  widespread  con¬ 
tamination  of  land  and  water  by  hazardous  wastes.  Colten  (1988)  emphasized  that;  “Fac¬ 
tories  dumped  all  manner  of  liquid  waste  into  water  courses  for  natural  purification  and 
dilution  treatment  while  they  heaped  solids  on  site.  This  created  numerous  waste  water 
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sinks  including  most  of  the  lakes  and  stream  channels  on  the  American  Bottoms,  where 
contaminated  sediments  were  allowed  to  accumulate  over  the  years.”  The  potential  for 
severe  contamination  of  local  water  bodies  from  these  practices  is  clear. 

The  history  of  heavy  industry  began  in  the  American  Bottoms  with  the  establishment  of 
the  St.  Louis  Stamping  Company  in  Granite  City,  IL  in  1866  (Crayne  1999).  The  Granite 
City  Steel  Company,  established  in  1895  still  occupies  the  northwest  shore  of  Horseshoe 
Lake.  Two  lead  smelters,  National  Lead  (NL  Industries)  and  Hoyt  Metal  were  established 
in  1910.  Midland  Creosote  (later  Jennison- Wright)  used  coal  tar  from  coking  to  treat  rail¬ 
road  ties.  Both  National  Lead  and  Jennison-Wright  are  now  Superfund  sites  located  in 
Granite  City,  IL  (Fig  2). 

Horseshoe  Lake  is  a  shallow  (average  depth  about  2m  deep)  oxbow  located  in  the  Ameri¬ 
can  Bottoms  adjacent  to  Granite  City,  IL  (Fig.  1).  Ollendorf  (1993)  cited  unpublished 
radiocarbon  dates  indicating  that  the  lake  is  approximately  3,300  years  old.  The  main 
surface  water  source  for  the  lake  is  the  Cahokia  Drainage  Canal,  a  channelized  natural 
stream.  The  Canal  combines  the  flow  of  a  series  of  small  streams  that  drain  the  loess 
bluffs  to  the  east  of  the  lake.  The  Collinsville,  IL,  water  treatment  facility  is  located  on 
Canteen  Creek,  one  of  these  streams.  Horseshoe  Lake  also  receives  urban  runoff  from 
Granite  City  through  Nameoki  ditch,  agricultural  runoff  through  Elm  Slough,  and  treated 
effluent  (25mgd)  from  Granite  City  Steel  (Hill  et  al.  1981).  The  water  level  of  the  lake  is 
maintained  by  the  Metro  East  Sanitary  District. 

Horseshoe  Lake  is  eutrophic.  Between  1959  and  1981  there  were  14  documented  fish 
kills.  The  likely  cause  of  these  fish  kills  was  deoxygenation  under  ice  during  the  winter 
(Hill  et  al.  1981). 

The  sediments  of  lakes  record  the  long-term  history  of  environmental  pollution  (Pan  and 
Brugam  1997).  The  sedimentary  record  of  Horseshoe  Lake  should  be  a  proxy  for  the 
contamination  of  the  American  Bottoms.  There  is  no  other  remaining  physical  record  of 
past  contamination  in  the  American  Bottoms.  The  sedimentary  record  of  Horseshoe  Lake 
can  be  viewed  as  an  archive  of  environmental  contamination  and  compared  with  Cohen’s 
(1988)  compilation  of  the  written  historical  record. 

We  used  the  physical  record  of  contamination  stored  in  the  lake  sediment  to  reconstruct 
the  impact  of  urbanization  and  industrialization  on  Horseshoe  Lake.  Our  hypothesis  is 
that  the  sedimentary  record  will  show  increasing  levels  of  contaminants  as  industrializa¬ 
tion  increased. 


METHODS 

Horseshoe  Lake  was  first  surveyed  to  determine  the  best  locations  to  take  sediment  cores. 
Each  survey  point  was  located  using  a  Global  Positioning  System  and  the  depth  of  the 
sediment  was  estimated  by  probing  with  steel  rods.  Core  locations  (Fig.  2)  were  chosen 
based  on  this  survey  and  work  by  Ollendorf  (1993)  who  also  identified  the  locations  of 
maximum  sedimentation  in  the  lake.  Fifteen  cores  were  taken  by  manually  pushing  a  7.5 
cm  wide  clear  plastic  tube  into  the  sediment  with  vanadium-steel  core  rods  (Wright 
1980).  Following  retrieval,  the  top  and  bottom  of  each  tube  was  sealed  with  rubber  stop- 
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pers,  held  in  a  vertical  position  and  taken  to  our  laboratory.  The  cores  were  extruded  ver¬ 
tically  and  sliced  into  1  cm  sections  that  were  placed  in  plastic  Whirl-Pak  bags.  These 
bags  were  stored  at  4°C  until  analysis.  Although  fifteen  cores  were  taken,  the  two  longest 
cores  (H3  and  H5;  Fig.  2)  were  chosen  for  analysis  here. 

Subsamples  of  the  sediment  were  processed  using  acetolysis  to  reveal  pollen  grains  (Fae- 
gri  and  Iversen  1975).  Pollen  was  counted  under  a  microscope  at  40x.  Sediment  from  the 
time  of  the  first  colonization  of  the  lakeshore  by  European/ American  farmers  was  identi¬ 
fied  by  an  increase  of  pollen  from  agricultural  weeds. 

The  radioisotopes,  210Pb  and  14C,  were  also  used  to  date  core  H3.  Dating  of  core  H5  was 
accomplished  by  extrapolating  dates  from  H3  using  known  changes  in  pollen  in  both 
cores.  14C  analysis  was  done  by  Geochron  Laboratories,  Boston,  MA.  210Pb  dating  was 
performed  by  the  St.  Croix  Watershed  Research  Center  in  Marine-on-St.  Croix,  MN. 

Following  drying,  samples  for  stable  isotope  analysis  were  ground  in  a  Spex  Certiprep® 
(6750  Freezer/Mill)  cryogenic  impact  grinder  cooled  by  liquid  nitrogen.  The  entire 
grinding  process  took  about  three  minutes  for  each  sample.  After  the  samples  were 
ground  in  the  Freezer  Mill  they  were  transferred  into  2.0  ml  microcentrifuge  tubes  with 
attached  O-Ring  Seal  Caps.  The  microcentrifuge  tubes  were  sealed  and  sent  to  CoBSIL 
(Cornell-Boyce  Thompson  Stable  Isotope  Laboratory,  Ithaca,  NY)  for  isotopic  analysis. 
There  was  no  pre-treatment  of  samples  before  analysis. 

For  phosphorus  analysis,  the  sediment  was  ashed  and  leached  overnight  with  hot  6N  HC1. 
The  leachate  was  taken  to  dryness  and  redissolved  in  0.1  N  HC1.  Phosphate  was  deter¬ 
mined  using  the  vanadomolybdate  yellow  technique  (American  Public  Health  Associa¬ 
tion  1985). 

Biogenic  silica  (diatom  silica)  was  analyzed  using  the  technique  of  DeMaster  et  al. 
(1983).  The  technique  differentiates  biogenic  silica  which  is  amorphous  from  crystalline 
forms  of  silica  found  in  clays  and  sands. 

Samples  for  metals  analysis  were  prepared  by  grinding  with  an  alumina  mortar  and  pestle 
followed  by  borate  fusion.  Metals  were  analyzed  using  X-ray  Fluorescence  Analysis  at 
the  Department  of  Earth  and  Planetary  Sciences,  Washington  University,  St.  Louis,  MO. 

Principal  Components  Analysis  (PCA)  included  all  core  levels  in  which  we  analyzed 
sediment  chemistry.  PCA  was  completed  using  the  computer  program,  PCord®. 

RESULTS 

Pollen  analysis  of  the  Horseshoe  Lake  cores  can  be  used  to  cross  correlate  dates  between 
cores  (Fig  3).  Changes  in  pollen  percentages  represent  changes  in  watershed  vegetation 
that  are  contemporaneous  between  cores.  An  increase  in  Ambrosia  spp.  pollen  which  rep¬ 
resents  the  arrival  of  European/American  farmers  in  1808  (Anonymous  1892)  occurs  at 
52  cm  in  core  H3  and  56  cm  in  core  H5.  At  33  cm,  pollen  of  Chenopodiaceae  increased 
in  both  cores.  This  change  is  dated  at  1920  using  210Pb  analysis  on  core  H5.  An  increase 
in  Typha  latifolia  pollen  occurred  in  1955  (dated  by  210Pb)  in  both  cores. 
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The  percent  mineral  matter  in  lake  sediment  is  an  indicator  of  erosion  in  the  lake  water¬ 
shed  and  is  expected  to  increase  because  of  human  disturbance  of  watershed  soils  from 
farming  and  urban  construction.  In  both  Horseshoe  Lake  cores,  percent  mineral  matter 
increased  from  about  83%  in  1800  AD  to  90%  in  1850  (Fig.  3).  In  the  H3  core,  percent 
mineral  matter  continued  at  90%  until  the  present.  In  the  H5,  core  percent  mineral  matter 
was  highly  variable  from  1950  to  the  present. 

Sediment  silicon,  titanium,  and  potassium  all  peaked  in  the  1 890's  and  declined  about 
1920  (Fig.  4).  In  contrast  to  these  elements,  calcium  increased  from  20  mg/gm  to  120 
mg/gm  after  1920  (Fig.  4).  Manganese  was  more  concentrated  in  the  sediments  of  core 
H3  than  in  core  H5  until  around  1920  (Fig.  4).  After  that  time,  both  cores  showed  similar 
concentrations.  Magnesium  and  sodium  had  constant  concentrations  throughout  both 
cores. 

The  cores  from  Horseshoe  Lake  have  shown  little  change  in  phosphorus  concentration 
since  1750  AD  (Fig.  5).  Biogenic  silica  concentrations  remained  nearly  constant  from 
1750  to  the  1 940's  and  then  declined  until  the  present.  There  was  little  variation  in  per¬ 
cent  nitrogen  in  either  sediment  core.  In  contrast  6ISN  increases  from  +2  °/00  to  greater 
than  +10  °/00  after  1920  (Fig.  5). 

Both  Horseshoe  Lake  cores  showed  large  increases  in  lead,  zinc  and  cadmium  in  recently 
deposited  sediment  (Fig.  5).  Peak  concentrations  of  all  three  metals  occurred  in  sediment 
dated  between  1939  and  1947.  Lead  and  zinc  declined  slightly  in  the  following  year  to 
present  values. 

We  used  PCA  to  estimate  the  similarity  among  samples  from  the  two  cores.  Factor  scores 
from  the  analysis  were  used  to  group  samples  with  similar  chemical  characteristics  (Fig. 
6).  Three  groups  of  samples  emerged.  Samples  from  1750  to  1889  A.D.  formed  one 
group  with  low  concentrations  of  heavy  metals  and  calcium.  Samples  from  1889  to  1939 
had  high  concentrations  of  calcium  or  silicon,  but  low  concentrations  of  heavy  metals. 
Samples  from  1939  to  the  present  had  high  concentrations  of  heavy  metals. 

DISCUSSION 

The  increase  in  Ambrosia  (ragweed)  pollen  in  Horseshoe  Lake  (Fig.  3)  is  present  in  many 
sediment  cores  in  the  Midwest  (Brugam  and  Speziale  1983;  Pan  and  Brugam  1997). 
Ambrosia  is  a  common  agricultural  weed  inhabiting  areas  disturbed  by  human  activities 
that  indicates  the  beginning  of  European-style  agriculture.  The  ragweed  pollen  increase  at 
Horseshoe  Lake  is  too  old  to  be  dated  by  2l0Pb,  but  it  can  be  dated  to  1808  from  historical 
records  (Anonymous  1892).  The  pollen  increase  is  small  because  Ambrosia  was  already  a 
significant  part  of  the  local  flora  before  European  settlement.  However,  in  both  cores  the 
Ambrosia  rise  is  followed  by  the  appearance  of  small  amounts  of  Plantago  lanceolata,  a 
species  introduced  by  Europeans  (Brugam  1978).  We  therefore  used  the  ragweed  rise  to 
differentiate  between  "pre-settlement"  and  "post-settlement"  parts  of  the  core  (Fig.  3). 

Pollen  of  Chenopodiaceae  and  Amaranthaceae  cannot  be  differentiated  using  normal 
pollen  analytical  methods.  Many  representatives  of  both  plant  families  are  weedy  invad- 
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ers  of  heavily  disturbed  areas.  The  reason  these  weedy  species  expanded  in  the  1 920's  is 
not  clear,  but  we  suspect  an  increase  in  land  disturbance  due  to  human  activities. 

Typha  latifolia  is  an  emergent  plant  of  wetlands  and  shallow  lakeshores  forming  nearly 
monospecific  stands.  The  1955  increase  in  pollen  from  this  species  in  the  sediment  sug¬ 
gests  a  recent  expansion  of  Typha  swamps  around  the  lake. 

PCA  is  a  statistical  method  for  summarizing  complex  data-sets.  Most  of  the  variation  in 
chemical  variables  from  the  Horseshoe  Lake  cores  was  summarized  on  the  first  two  axes 
(Table  1).  PCA  divided  the  cores  into  three  sections  that  generally  correspond  to  periods 
in  the  history  of  industrial  development  around  the  lake.  Before  1889,  human  impacts  on 
the  lake  were  minimal.  This  period  (1889-1939)  is  consistent  with  the  construction  of 
Granite  City  Steel  Company  in  1895.  The  most  recent  change  in  lake  regime  occurred  in 
the  1940's  when  heavy  metals  contamination  became  apparent  in  the  sediment. 

Recent  paleolimnological  investigations  have  included  measurements  of  stable  isotopes 
of  nitrogen  in  lake  sediment  that  indicate  potential  sources  for  nutrient  contamination 
(Brenner  et  al.  1998).  Human  and  animal  waste  has  a  6I5N  more  than  +10  °/00  (Brenner  et 
al.  1998;  Lake  et  al.  2001;  Roadcap  et  al.  2002).  In  most  lakes,  this  enrichment  in  15  N 
comes  from  contamination  with  nitrogen  from  human  sewage  rather  than  from  farm  ani¬ 
mals  or  agricultural  run-off.  Thus,  the  increase  of  15N  in  the  1920's  in  Horseshoe  Lake 
sediment  indicates  an  increase  in  disposal  of  human  waste  into  the  lake.  McClelland  et  al. 
(1997)  followed  high  615N  values  from  sewage  contamination  of  local  groundwater  (14.9 
°/00)  into  an  adjacent  bay  and  ultimately  through  aquatic  food  chains.  The  1920's  increase 
of  615N  to  12  °/00  in  Horseshoe  Lake  sediment  indicates  severe  sewage  contamination.  We 
do  not  know  the  date  of  construction  of  the  sanitary  sewage  systems  in  the  lake  water¬ 
shed,  but  these  systems  could  account  for  increased  inputs  of  high  6'"N  nitrogen  com¬ 
pounds  into  the  lake. 

The  increase  in  sediment  calcium  which  occurred  at  the  same  time  as  the  increase  in  615N 
is  also  evidence  for  an  increase  in  primary  production  due  to  sewage  contamination.  This 
increased  calcium  likely  resulted  from  biogenic  deposition  of  CaC03,  which  commonly 
occurs  in  hardwater  eutrophic  lakes  (Hodell  et  al.  1998). 

Although  the  isotopic  composition  of  sediment  organic  matter  clearly  indicates  increased 
nutrient  loading  of  Horseshoe  Lake  by  sewage  disposal,  there  is  no  increase  in  sediment 
phosphorus.  Eutrophication  of  lakes  usually  occurs  because  of  increased  phosphorus 
loading  (Schindler  1974)  and  sewage  disposal  is  a  major  source  of  phosphorus  for  lakes 
in  urban  areas  (Rechow  and  Chapra  1983).  Some  of  this  phosphorus  should  be  seques¬ 
tered  in  the  lake  sediment  by  ferric  oxides  (Engstrom  and  Wright  1974),  but  there  is  no 
evidence  of  increased  sediment  phosphorus  resulting  from  our  hypothesized  increase  in 
sewage  contamination. 

Enhanced  primary  production  in  a  eutrophic  lake  may  also  increase  biogenic  silica  in  lake 
sediment  because  of  increasing  diatom  populations  (DeMaster  et  al.  1983).  Like  phos¬ 
phorus,  there  is  no  increase  in  biogenic  silica  in  Horseshoe  Lake  sediment  because  of  the 
sewage  loading  indicated  by  6I5N  values.  Perhaps  diatoms  that  produce  biogenic  silica 
are  a  small  part  of  a  phytoplankton  community  that  is  dominated  by  bluegreen  algae. 
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Keating's  (1978)  study  of  Linsley  Pond,  CT,  showed  that  diatom  abundance  is  low  in 
highly  eutrophic  lakes. 

Heavy  metal  concentrations  increased  in  Horseshoe  Lake  sediment  from  the  1940's 
onward.  Von  Gunten  et  al  (1997)  showed  that  this  kind  of  increase  in  sediment  heavy 
metals  indicates  contamination  of  the  lake  by  industrial  processes.  Lead  levels  in  the 
sediment  of  Horseshoe  Lake  have  reached  300  ppm  -  about  10  times  their  pre-settlement 
level.  Similarly,  zinc  has  increased  to  about  3,000  ppm.  Both  of  these  changes  indicate  an 
increase  in  heavy  metal  input  into  the  lake.  We  do  not  know  the  sources  of  these  metals. 
NL  Industries  ran  a  lead  smelter  from  the  early  20th  century  to  the  1 970's  that  is  a  poten¬ 
tial  source  of  contamination.  Granite  City,  IL,  is  a  large  industrial  city  with  many  indus¬ 
tries  that  may  also  have  added  heavy  metals  to  Horseshoe  Lake.  The  lake  has  also  been 
managed  by  the  Illinois  Department  of  Natural  Resources  for  waterfowl  hunters.  Lead 
shot  may  be  an  additional  source  of  lead  contamination  of  sediment,  but  it  would  not  be  a 
source  of  zinc  and  cadmium.  Although  the  source  is  unknown,  our  results  clearly  show 
contamination  of  Horseshoe  Lake  with  heavy  metals  since  the  1 940's. 

CONCLUSIONS 

Our  study  of  the  sediment  of  Horseshoe  Lake  shows  clear  effects  of  human  disturbance. 
The  lake  appears  to  have  become  contaminated  with  sewage  in  the  1920's.  An  increase  in 
calcium  in  the  sediment  suggests  that  eutrophication  of  the  lake  caused  increased  bio¬ 
genic  precipitation  of  calcium  carbonate.  However,  sediment  phosphorus  and  biogenic 
silica,  two  other  potential  indicators  of  eutrophication  did  not  increase.  In  the  1940's, 
Horseshoe  Lake  became  significantly  contaminated  by  heavy  metals.  Although  the  sec¬ 
tion  of  the  American  Bottoms  that  contains  Horseshoe  Lake  has  lost  much  of  its  indus¬ 
trial  base  in  recent  years,  Horseshoe  Lake  still  contains  significant  contamination.  Our 
work  is  consistent  with  Cohen's  (1988)  reconstruction  of  industrial  contamination  of 
American  Bottoms  ecosystems.  Thus,  Horseshoe  Lake  contains  a  physical  record  of  the 
industrial  pollution  that  Colten  described  using  historical  documents. 
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Table  1.  Eigenvalues  for  Principal  Components  Analysis  of  sediment  cores  H3  and  H5 
from  Horseshoe  Lake,  IL.  Factor  scores  for  core  samples  are  shown  on  Figure  6. 
The  analysis  was  completed  using  PCord®. 


Axis 

Eigenvalue 

Percent  of  Variance 
Explained 

Cumulative  Percent 
of  Variance  Explained 

1 

16.023 

50.071 

50.071 

2 

6.701 

20.941 

71.011 

3 

3.684 

11.513 

82.524 

4 

1.523 

4.758 

87.282 

5 

1.012 

3.162 

90.444 

6 

0.542 

1.695 

92.139 

7 

0.470 

1.470 

93.609 

8 

0.404 

1.261 

94.870 

9 

0.326 

1.019 

95.889 

10 

0.298 

0.932 

96.821 
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Figure  1 .  Location  map  of  the  American  Bottoms  and  Horseshoe  Lake.  Star  indicates 
location  of  Horseshoe  Lake.  Dashed  line  shows  boundary  of  the  American 
Bottoms. 
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Figure  2.  Map  of  Horseshoe  Lake  showing  locations  of  NL  Industries,  Jennison-Wright 
creosote  plant,  Granite  City  Steel  sites  (circled  dots)  and  sediment  core  sites 
(stars).  Outline  of  lake  shown  in  heavier  lines. 
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Figure  3.  Pollen  diagrams  from  Horseshoe  Lake  sediment  cores.  The  y-axis  of  the  pollen 
diagram  is  core  depth  in  centimeters.  The  graphed  data  are  percent  abundances 
of  pollen  species.  Solid  lines  represent  a  5x  exaggeration  of  pollen  percentages. 
Dates  for  the  cores  are  shown  to  the  left  of  the  y-axis  in  both  cores.  Dates  for 
core  H3  were  determined  using  210Pb  and  ,4C.  The  dates  for  core  H5  were 
extrapolated  from  core  H3  using  datable  pollen  changes. 
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Figure  4.  Major  elements  in  Horseshoe  Lake  sediment  cores.  H3  (closed  circles)  and  H5 
(open  circles). 
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Figure  5.  Trophic  status  indicators  from  Horseshoe  Lake  sediment  cores  (upper  panels). 

Heavy  metals  in  Horseshoe  Lake  cores  (lower  panels).  H3  (closed  circles)  and 
H5  (open  circles). 
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Figure  6.  Principal  Components  Analysis  of  Horseshoe  Lake  sediment  cores  H3  and  H5. 
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INTRODUCTION 

Surveys  of  biota  are  critical  in  determining  the  relationships  among  and  between  animals 
and  plants  found  in  a  particular  habitat  and  provide  an  understanding  of  what  interactions 
might  exist  between  the  surveyed  species  (Platt  et  al.  1999).  Biotic  surveys  are  the  most 
fundamental  method  of  determining  what  organisms  are  found  in  a  certain  area.  Knowing 
both  the  geographic  location  and  habitat  use  of  a  species  is  necessary  for  properly  con¬ 
serving  and  managing  those  species. 

Reptiles  and  amphibians  are  significant  biota  in  a  given  habitat  as  they  play  important 
roles  in  the  dynamics  of  the  food  web  (Smith  1961).  Furthermore,  amphibians  are  widely 
recognized  as  indicators  of  environmental  quality  because  of  their  permeable  integument 
(Carey  et  al.  2001,  Halliday  et  al.  1997).  As  important  as  they  may  be,  there  is  a  lack  of 
historical  knowledge  of  the  distribution  and  community  composition  of  herpetofauna  in 
east-central  Illinois  making  it  difficult  to  study  changes  in  herpetofaunal  communities 
over  time.  Our  purpose  is  to  describe  species  diversity  in  each  of  three  state  parks  in 
order  to  provide  a  basis  for  future  studies  concerning  trends  in  community  composition  in 
this  region. 

We  surveyed  the  herpetofauna  at  three  state  parks:  Walnut  Point  State  Park  (WPSP, 
270.6  ha),  Douglas  County,  Lincoln  Trail  State  Park  (LTSP,  412.5  ha),  Clark  County,  and 
the  north  annex  of  Fox  Ridge  State  Park  (FRSP,  658.0  ha),  Coles  County,  all  in  east-cen¬ 
tral  Illinois.  No  similar  surveys  have  been  carried  out  at  WPSP  or  LTSP  and  little  is 
known  about  herpetofaunal  richness  at  these  sites  (R.  Szafoni,  pers.  comm.).  The  state 
parks  surveyed  were  in  relatively  close  proximity  to  one  another  (<  50  km  between  sites). 
However,  LTSP  lies  in  a  different  drainage  system  and  has  different  dominant  vegetative 
cover  than  that  found  at  either  FRSP  or  WPSP  (see  Schwegman  1973  for  a  detailed 
description).  In  addition  to  describing  the  composition  of  the  reptile  and  amphibian 
communities  at  each  of  these  sites,  we  also  report  morphometric  values  for  captured  indi¬ 
viduals  at  these  sites. 


MATERIALS  AND  METHODS 


Study  Sites 

We  assessed  the  coverage  of  eight  different  habitat  types  using  IDNR  aerial  photographs 
of  each  park.  The  vegetation  is  similar  at  FRSP  and  WPSP  with  oak-hickory  forests  being 
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the  dominant  habitat  type.  However,  beech-maple  forests  dominate  at  LTSP  with  a  mix 
of  other  deciduous  species  and  conifers.  Large  man-made  lakes  are  present  in  LTSP  and 
WPSP,  58.9  ha  and  23.8  ha,  respectively.  A  ridge-valley  system  with  steep  slopes  char¬ 
acterizes  FRSP  and  LTSP,  while  WPSP  is  relatively  flat.  Predominant  land  use  sur¬ 
rounding  WPSP  is  row-crop  agricultural;  FRSP  and  LTSP  are  in  a  more  diverse  land¬ 
scape  with  row-crops,  grazing,  private  forested  lands,  and  rural  home  sites.  The  Embarras 
River  is  the  north  and  west  boundary  of  FRSP  and  the  southern  boundary  of  WPSP.  Pre¬ 
vious  to  this  study,  areas  within  each  of  the  sites  had  been  subjected  to  prescribed  burn 
regimes  to  control  exotic  vegetation  (R.  Szafoni,  pers.  comm.);  the  most  recent  of  these 
burns  occurred  at  WPSP  in  October  2000.  Complete  habitat  assessment  estimations  for 
all  three  parks  are  given  in  Table  1. 

Surveys 

We  conducted  this  study  between  30  May  and  15  August  2001.  We  haphazardly  selected 
areas  of  each  site  to  be  surveyed  for  herpetofauna.  The  majority  of  the  searching  used 
simple  hand  collecting  techniques  and  visual  encounter  surveys  (VES;  overturning  rocks 
and  logs,  peeling  bark  off  trees,  etc.).  Binoculars  were  used  to  identify  amphibians  and/or 
reptiles  at  a  distance  that  could  not  be  captured  by  hand  such  as  basking  turtles.  In  addi¬ 
tion  to  VES,  auditory  cues  were  used  to  determine  the  presence  of  certain  amphibian  spe¬ 
cies  and  their  abundance  (Scott  1998).  Road  kills  were  also  documented.  Effort  was 
recorded  in  man-hours  for  each  site  but  was  not  recorded  separately  by  habitat  type. 

All  captured  individuals  were  measured  to  determine  mass  (±  0.1  g),  snout-vent  length 
(±  1  mm  SVL),  and  tail  length  (±  1  mm)  where  appropriate,  before  being  released. 

RESULTS 

Approximately  120  h  was  spent  in  the  field  with  similar  amounts  of  time  spent  at  each 
site  (i.e.,  40  h  at  each  site).  During  our  surveys,  individuals  captured  per  hour  (cph)  were 
1.35  cph  at  LTSP,  1.00  cph  at  FRSP,  and  0.88  cph  at  WPSP.  No  correlation  was  found 
between  the  park  size  and  the  cph  (r2  =  0.01,  p  =  0.94).  No  pattern  was  found  between  the 
abundance  of  herpetofauna  and  date  of  capture  (Figures  1,  2,  3).  Sixteen  species  in  eight 
families  were  observed.  Of  the  three  sites  surveyed,  LTSP  had  the  highest  species  diver¬ 
sity.  In  contrast,  WPSP  had  the  lowest  diversity  with  only  seven  species  in  four  families 
(Table  2).  The  families  Bufonidae,  Hylidae,  Ranidae,  and  Colubridae  were  found  at 
FRSP.  Hylidae,  Ranidae,  Emydidae,  and  Colubridae  were  found  at  WPSP.  In  addition  to 
these  families,  Plethodontidae,  Chelydridae,  and  Scincidae  were  found  at  LTSP. 

The  majority  of  species  found  at  FRSP  were  captured  in  deciduous  forest  (Table  2).  At 
LTSP,  most  species  were  found  in  mixed  beech-maple  forest  (Table  2.  At  WPSP,  most 
species  were  observed  near  the  riparian  zone  (Table  2).  Because  of  the  small  sample  size, 
morphological  data  for  all  species  was  pooled  across  all  sites  (Table  3). 

DISCUSSION 

Different  habitat  types  at  each  study  site  probably  account  for  the  observed  variation  in 
species  richness.  LTSP  is  dominated  by  a  mixed  forest  and  has  greater  amounts  of  subor¬ 
dinate  habitat  types,  which  may  support  larger  species  diversity  (Fox  &  Fox  2000).  Low 
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species  diversity  at  WPSP  might  be  due  to  fragmentation  of  habitat  (the  park  being  sur¬ 
rounded  by  agricultural  fields).  Low  diversity  could  also  be  a  result  of  habitat  manage¬ 
ment  at  WPSP  (i.e.,  prescribed  burning)  as  prescribed  bums  can  have  short-term  negative 
effects  (Russell  et  al.  1999).  Several  empty  carapaces  (Terrapene)  were  found  in  recently 
burned  areas  of  this  park. 

Our  observations  update  post- 1980  county  records  for  several  taxa  (Phillips  et  al.  1999). 
In  Coles  County,  no  records  of  Storeria  o.  occipitomaculata,  Opheodrys  aestivus,  or 
Lampropeltis  triangulum  syspila  were  reported  after  1980.  A  skink  (Eumeces  spp.)  was 
observed  but  not  captured  at  LTSP.  No  scincid  has  been  reported  in  Clark  County  after 
1980.  Hyla  versicolor-chrysoscelis  has  no  reported  post- 1980  sightings  in  Clark,  Coles  or 
Douglas,  but  was  found  in  all  three  counties.  No  occurrence  of  Thamnophis  s.  sirtalis  has 
ever  been  reported  for  Clark  County  (Phillips  et  al.  1999). 

The  occurrence  of  several  species  that  have  not  been  reported  in  the  last  20  years  indi¬ 
cates  that  more  intensive  surveys  (i.e.,  more  time,  more  area,  additional  sampling  meth¬ 
ods)  should  be  conducted  in  these  three  counties.  Phillips  et  al.  (1999)  acknowledge  a 
lack  of  recent  fieldwork  results  in  misleading  interpretations  of  trends  in  herpetofaunal 
populations.  More  accurate  and  current  county  records  exist  near  cities  and  universities 
because  of  greater  collection  efforts  (Phillips  et  al.,  1999). 

More  surveys,  and  their  comparisons  with  previous  surveys  (Phillips  et  al.  1999,  Smith 
1961),  might  indicate  radiation  of  several  species  of  herpetofauna.  A  better  understanding 
of  these  dispersal  events  could  be  applied  to  studies  in  evolutionary  ecology  such  as 
changes  in  habitat  use  and  interspecific  mating.  Our  results  can  serve  as  the  basis  for 
resource  management  decisions  at  these  state  parks  as  well  as  others  in  the  region  having 
similar  habitat  characteristics.  Further  assessment  of  species  abundance  and  species  dis¬ 
persal  can  not  only  indicate  the  health  of  populations,  but  also  indicate  the  carrying 
capacity  of  herpetological  species  in  a  particular  area.  Our  results  provide  a  baseline  for 
future  studies  concerning  trends  in  disturbance  and  abundance  in  this  region. 
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Table  1.  Habitat  assessment  estimations  of  Fox  Ridge  State  Park  (FRSP),  Lincoln  Trail 
State  Park  (LTSP),  and  Walnut  Point  State  Park  (WPSP),  Illinois  (all  sizes 
reported  in  ha).  [1  =  mowed  grass;  2  =  old  field;  3  =  shrub/young  forest;  4  = 
deciduous  forest;  5  =  mixed  forest;  6  =  stream/creek;  7  =  lake/pond;  other  = 
roads,  buildings,  trash  piles,  etc.]. 


Habitat 

type 

FRSP 

Size 

Percent 

coverage 

Habitat 

type 

LTSP 

Size 

Percent 

coverage 

Habitat 

type 

WPSP 

Size 

Percent 

coverage 

1 

7.1 

1.1 

1 

14 

3.3 

1 

4.7 

1.7 

2 

95.1 

14.5 

2 

11 

2.7 

2 

16.1 

6.0 

3 

15.9 

2.4 

3 

47.5 

11.4 

3 

16.8 

6.2 

4 

507.1 

77.1 

4 

— 

— 

4 

200 

74.2 

5 

— 

— 

5 

270 

65.1 

5 

— 

— 

6 

18.7 

2.8 

6 

1.5 

0.4 

6 

2.5 

0.9 

7 

7.3 

1.1 

7 

62 

14.9 

7 

26.2 

9.7 

Other 

6.8 

1.0 

Other 

9 

2.2 

Other 

3.4 

1.3 

Total: 

658.0 

100 

Total: 

415 

100 

Total: 

269.7 

100 

Table  2.  Habitat  use  by  amphibian  and  reptile  species  in  Walnut  Point  State  Park  (WPSP),  Fox  Ridge  State  Park  (FRSP),  and  Lincoln  Trail 
State  Park  (LTSP),  Illinois  between  May  and  August  2001.  [Same  key  is  used  as  with  Table  1.] 


224 


CO 

<D 

CX 

H 

03 

■4— > 

cd 

DC 


a 

<D 


Cu 

c/5  m 

H 

-J 

ot- 


co 

<N 


a 

-C 
*— > 

O 

t"- 

& 

C/5 

C*  ^ 

Ea- 


CO 


CN 


a 

<u 

J2 


r- 

vo 

ft- 

C/5  ITi 

ft- 

CO 

(N 


C 

o 

X 

cd 

H 


T3 

cd  a 

o  o 

a  S-H 


XXX 


X  X 


X  X 


X  X  X  X 


XX  X 


X  X 


X  X 


X  X 


X 


X 


X 


<D 


-G 

CO 

a 

a 


■a 

cd 

o 

a 


<u 

<D 

•  i-H 

r7i- 

Oh 

G, 

-G 

J= 

CO 

CO 

cd 

cd 

cd 

a 

■4— > 

a 

■a 

0 

Vh 

X  X 


X 


X  X 
X  X 

X  X 


X 


K>  k>  k> 

rS  rS  n  n  rS 

X 

X  X 


X 


X 

X 


X 

X 


X 


X 


X 


03 

X> 

g: 

Qj. 

S 

< 


cd 

a 

<D 

W) 


CJ 

cd 

<U 

O 

3 

w 


cn 

a 

a 

a 

a 

a 


a 

"ft 

a 

CD 


a 

a 

a  „ 

CD 


a 

a 

£ 

*  "*a 

* 

03 

a 

a 


a 
a 
£ 

a'  a^ 

qq  cq 


03 

* 

a 

a 

03 

a 

03 

~a 

a 

i 

a 

a 

a 
a 

e 

a 

•a  .a 

_a 


~a 

a 

a 

-a 

a 

a 

a 

-a 

03 

a 

S 

• 

ft, 

a 

a 

a 


^  a 
a  ft 
a  ft 
a 
a 


a 


-a 

^3  03 


a 

a 

"a 

a 

a 

03 


a 

-a 

a 

a 

a 

a 

a 


ft,  ft; 


3 

a 

a 

,ft  a 

a-  ~-— 

S  | 

a  ^ 
S  a 

.§  § 

s  J 

-3  cq 
a 

a  a 
a  a 
a  a 
ft;  ft; 


a 

a 


a 

a 

* 

a 


ft  5 
a  ^ 

ft,  5 

&  - 

^  ft, 

oj  03 

I  ^ 

as  a 

a  £ 
~  -a  ~a 

S(oo 


03 


c* 


a  ** 

£  a 

a  a 

^  a 

^  I 

ft  ft. 
a  03 
a  ’a 
a  ^ 

§-1 

£  5 


& 

& 

a 

-a 

a 
co 
a 

•3  a 

a  a 
.3^ 

as  .ft, 

^  * 
ft'-S 

“ft 

§>t  § 

Eq  >3  ^ 


5  a 

a  a 


a 

a 


a 

a 

"-a 

a 

03 

-a 

a 

a 

a 

~a 


a 
a 

-ft  | 
co  a 

a  ft 

£ 


s  ^ 

N  ft 
ft  ^ 
03  a 
A  33 
ft 

ft  'a 
a  a 

~ft  Jsr 

ft,  a 

O  co 


a 

■  a  a 

‘SS 

a  ^ 

a  03 
• 

ft  "a. 
a  ft 

•a  ft 


ft  J 

Co  ft 


225 


Table  3.  Morphometries  of  species  found  in  Fox  Ridge,  Lincoln  Trail,  and  Walnut  Point 
State  Parks,  Illinois,  between  May  and  August,  2001  (mean  ±  1  standard  devia¬ 
tion).  [TL  =  Total  Length.  *Speciman  exceeds  E.  obsoleta  reported  by  Smith 
(1061)  with  a  TL  of  1725  mm.] 


Taxon 

(N) 

SVL  (mm) 

tail  length  (mm) 

mass  (g) 

Amphibia 

Eurycea  cirrigera 

3 

35  ±8.8 

39.3  ±  16.3 

Bufo  americanus 

1 

51 

15 

Bufo  xvoodhousii  fowleri 

16 

44.7  ±  8.2 

9  ±5.3 

Hyla  versicolor-chrysoscelis 

12 

24.4  ±  2.2 

1.6  ±0.4 

Rana  clamitans  melanota 

1 

75 

25 

Reptilia 

Chrysemys  picta  marginata 

1 

143 

Terrapene  c.  Carolina 

6 

133.8  ±  12.3 

481.7  ±67.5 

Diadophis  punctatus 

21 

253.3  ±  69.8 

41.2  ±30.1 

7.2  ±3.8 

Elaphe  o.  obsoleta * 

1 

1803  (TL) 

1100 

Lampropeltis  triangulum  syspila 

1 

690 

N/A 

51.5 

Nerodia  sipedon 

2 

143.5  ±  115.3 

43  ±  33.9 

9.25  ±  2.5 

Opheodrys  aestivus 

1 

130 

70 

3 

Storeria  dekayi  wrightorium 

1 

210 

110 

5 

Thamnophis  s.  sirtalis 

2 

640  ±  169.7 

200  ±  70.7 

71.5  ±23.3 

Storeira  o.  occipitomaculata 

1 

215 

45 

7 

Number  of  captures  per  hour  (cph) 
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Figure  1 .  Number  of  herpetofaunal  captures  per  hour  of  search  effort  on  given  dates  at 
Fox  Ridge  State  Park,  Coles  County,  Illinois,  between  5  May  and  15  August 
2001. 


5  May 


Date 


15.Ai§ 
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Figure  2.  Number  of  herpetofaunal  captures  per  hour  of  search  effort  on  given  dates  at 
Walnut  Point  State  Park,  Douglas  County,  Illinois,  between  30  May  and  2 
August  2001. 
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Figure  3. 


Number  of  herpetofaunal  captures  per  hour  of  search  effort  on  given  dates  at 
Lincoln  Trail  State  Park,  Clark  County,  Illinois,  between  7  May  and  12  July 
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ABSTRACT 

In  1995,  too  few  male  sauger  ( Stizostedion  canadense )  were  available  to  supply  the  vol¬ 
ume  of  semen  needed  to  meet  the  hatcheries  production  goals  for  sauger  and  walleye  ( S . 
vitreum )  x  sauger  hybrids.  Thus,  in  1996  we  initiated  a  study  to  determine  whether 
injecting  male  sauger  with  human  chorionic  gonadotropin  (hCG)  at  a  rate  of  550  IU/kg 
body  weight  (BW)  would  increase  the  production  of  semen.  The  total  volume  of  semen 
produced  from  fish  injected  at  a  rate  of  550  IU/kg  was  3.3  times  greater  than  the  total 
volume  produced  from  noninjected  fish.  There  was  a  highly  significant  difference 
(P<0.01)  between  the  mean  volume  of  semen  produced  from  fish  injected  at  a  rate  of  550 
IU/kg  (3.0  ml/kg)  compared  with  noninjected  fish  (1.1  ml/kg).  In  2001,  we  compared  the 
effect  of  two  hCG  injection  rates  (550  and  1,100  IU/kg  BW)  on  semen  production.  The 
total  volume  of  semen  collected  from  fish  injected  at  550  IU/kg  was  94.0  ml  compared 
with  99.5  ml  for  fish  injected  at  1,100  IU/kg.  There  was  no  significant  difference  between 
the  mean  volume  of  semen  produced  from  fish  injected  at  550  IU/kg  (3.4  ml/kg) 
compared  with  fish  injected  at  1,100  IU/kg  (4.2  ml/kg).  A  second  injection  (550  IU/kg) 
following  the  first  stripping  was  used  to  maintain  the  volume  of  semen  produced  at  a 
second  stripping.  An  hCG  injection  rate  of  550  IU/kg  has  been  incorporated  into  fish 
production  methods  as  a  means  to  maximize  fish  production  with  a  limited  number  of 
male  sauger. 


INTRODUCTION 

The  production  of  sauger  ( Stizostedion  canadense )  and  walleye  ( S .  vitreum)  x  sauger 
hybrids  is  a  large  component  of  annual  fish  production  by  the  Illinois  Department  of 
Natural  Resources.  Combined  total  annual  production  of  fry  and  fingerlings  of  sauger  and 
hybrid  walleye  ranged  from  11.1  to  22.7  million  from  1996  through  2001.  Male  and 
female  sauger  broodfish  are  collected  over  a  two  day  period  at  the  end  of  March  at  the 
Masters  Walleye  Circuit  Tournament  held  on  the  Illinois  River  at  Spring  Valley,  Illinois. 
The  total  number  of  sauger  weighed  in  at  this  tournament  between  1996  and  2001  ranged 
from  814  to  1,825.  However,  an  average  of  only  13.2%  of  the  fish  were  male  sauger. 
Male  sauger  are  typically  small  (<  0.7  kg)  and  do  not  produce  a  large  volume  of  semen. 
Insufficient  volume  of  sauger  semen  has  been  a  limiting  factor  for  fish  production  as  well 
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as  for  use  in  trades  with  other  state  agencies.  The  total  volume  of  extended  sauger  semen 
shipped  out  of  state  increased  from  180  ml  in  1996  to  1,860  ml  in  2001. 

Hormones  have  been  used  by  others  to  stimulate  semen  production  and  to  induce  ovula¬ 
tion  in  fish.  Injections  of  an  analog  of  luteinizing  hormone  releasing  hormone  (LHRHa) 
was  successfully  used  to  induce  (Ciereszko  et  al.  1993)  or  increase  (Dabrowski  et  al. 
1994)  semen  production  in  yellow  perch  {Perea  flavescens).  Billard  and  Marcel  (1980) 
used  partially  purified  salmon  gonadotropin  (PPSG)  and  carp  pituitary  extract  (CPE)  to 
increase  semen  production  in  northern  pike  {Esox  lucius).  Human  chorionic  gonadotropin 
(hCG)  can  be  used  to  induce  ovulation  in  female  walleye  (Heidinger  et  al.  1996).  Person¬ 
nel  of  the  Illinois  Department  of  Natural  Resources  LaSalle  Fish  Hatchery  have  injected 
97%  of  the  female  sauger  spawned  between  1996  and  2001  with  hCG  to  stimulate  ovula¬ 
tion.  The  goal  of  the  present  study  was  to  evaluate  the  benefit  of  using  hCG  injections  to 
enhance  the  volume  of  semen  produced  from  male  sauger  broodfish.  An  increase  in 
semen  production  from  male  sauger  collected  at  fishing  tournaments  would  make  the 
fertilization  of  millions  of  eggs  possible  and  provide  extended  semen  for  trade  obligations 
with  other  state  agencies. 


METHODS 


Fish  collection 

This  research  was  carried  out  in  1996  and  2001.  On  March  23,  1996,  a  total  of  26  male 
sauger  were  collected  at  a  fishing  tournament  on  the  Illinois  River,  near  Spring  Valley, 
Illinois.  On  March  9  and  10,  2001,  a  total  of  74  male  sauger  were  collected  at  a  Walleye 
Anglers  Trail  fishing  tournament  held  at  the  same  location.  Experiments  were  carried  out 
only  when  an  adequate  number  of  male  sauger  were  collected  prior  to  female  broodfish 
collection. 

In  each  year,  the  fish  were  transported  to  the  LaSalle  Fish  Hatchery,  Marseilles,  Illinois, 
immediately  following  collection.  At  the  hatchery,  fish  were  placed  in  1.1  m3  tanks  with  a 
water  temperature  of  7.8  °C.  The  fish  were  held  overnight  prior  to  hormone  injection. 

Hormone  injection 

In  both  years,  on  the  day  after  collection,  fish  were  weighed  individually  and  marked 
with  a  numbered  jaw  tag  (Recreation  Supply  Company,  Bismark,  North  Dakota)  prior  to 
injection.  In  1996,  13  fish  were  given  an  intraperitoneal  injection  of  550  IU/kg  body 
weight  (BW)  hCG  (Chorulon;  Intervet,  Charlotte,  North  Carolina)  and  13  fish  were  not 
injected.  In  2001,  37  fish  were  given  an  intraperitoneal  injection  of  hCG  at  550  IU/kg  and 
37  fish  were  given  the  same  type  of  injection  at  1,100  IU/kg.  Injections  were  adminis¬ 
tered  with  a  22  gauge  hypodermic  needle  and  3  cc  syringe.  In  2001,  a  second  hCG  injec¬ 
tion  was  given  to  each  fish  at  550  IU/kg  five  days  after  the  first  injection. 

Semen  collection 

In  each  year,  fish  were  held  for  five  days  after  injection  at  7.8  °C  before  they  were  hand 
stripped  using  a  water  powered  aspirator  (Moore  1996).  The  volume  of  semen  from  each 
male  was  measured  to  the  nearest  0.1  ml  in  a  graduated  test  tube.  To  ensure  genetic 
diversity  in  semen  collected  for  use  in  egg  fertilization,  semen  from  3-4  fish  was  stripped 
into  the  same  test  tube.  However,  the  volume  of  semen  collected  from  each  fish  was 
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measured.  Injected  and  noninjected  fish  and  fish  injected  at  different  rates  were  separated 
by  jaw  tag  number  prior  to  stripping. 

After  the  second  injection  in  2001,  the  fish  were  held  seven  days  before  they  were  hand 
stripped  a  second  time.  After  collection,  the  semen  was  diluted  with  an  extender  solution 
provided  by  the  Colorado  Division  of  Wildlife  at  a  rate  of  1  part  semen:3  parts  extender. 
The  extended  semen  was  stored  in  25  cm2  tissue  culture  flasks  at  6  ml/flask,  and  refriger¬ 
ated  at  2.2  °C  for  up  to  five  days  before  being  used  to  fertilize  24.2  million  and  31.3  mil¬ 
lion  sauger  eggs  in  1996  and  2001,  respectively. 

Data  Analysis 

Differences  between  injected  and  noninjected  fish  and  between  fish  injected  at  different 
rates  were  determined  using  a  non-paired  t-test  (Steel  and  Torrie  1980).  The  0.05  alpha 
value  was  used  to  determine  significance. 

RESULTS 

In  1996,  the  total  volume  of  semen  produced  from  noninjected  fish  was  6.5  ml  compared 
with  21.6  ml  for  the  injected  fish.  There  was  a  highly  significant  difference  (P<0.01) 
between  the  mean  volume  of  semen  produced  from  noninjected  fish  compared  with  fish 
injected  at  a  rate  of  550  IU/kg  (Table  1).  In  each  year,  the  mean  weight  was  not  signifi¬ 
cantly  different  (P>0.05)  between  injected  and  noninjected  fish  or  between  fish  injected 
at  different  hCG  rates. 

In  2001,  the  total  volume  of  semen  produced  from  fish  injected  at  550  IU/kg  was  94.0  ml 
and  99.5  ml  from  fish  injected  at  1,100  IU/kg  .  The  mean  volume  of  semen  produced 
from  fish  injected  at  550  IU/kg  was  not  significantly  different  (P>0.05)  from  fish  injected 
at  1,100  IU/kg.  Because  all  fish  were  given  a  second  injection  of  550  IU/kg,  differences 
in  the  volume  of  semen  produced  between  the  first  and  second  stripping  could  not  be  sta¬ 
tistically  compared  due  to  lack  of  controls.  However,  the  average  volume  of  semen  pro¬ 
duced  at  the  second  stripping  (3.4  ml/kg)  was  not  substantially  different  than  the  average 
volume  produced  at  the  first  stripping  (3.8  ml/kg). 

DISCUSSION 

In  male  yellow  perch,  injections  of  LHRHa  was  effective  at  inducing  (Ciereszko  et  al. 
1993)  and  increasing  the  amount  of  semen  produced  compared  to  controls  (Dabrowski  et 
al.  1994).  Billiard  and  Marcel  (1980)  used  injections  of  PPSG,  CPE  and  pike  pituitaries 
to  significantly  increase  the  amount  of  sperm  produced  from  northern  pike.  However,  Lin 
et  al.  (1996)  found  that  injections  of  either  CPE  or  hCG  did  not  significantly  increase 
sperm  production  in  muskellunge  ( Esox  masquinongy).  In  the  present  study,  an  hCG 
injection  of  550  IU/kg  significantly  increased  the  volume  of  semen  produced  in  sauger 
compared  to  noninjected  fish.  However,  an  increase  in  the  injection  rate  from  550  IU/kg 
to  1,100  IU/kg  did  not  result  in  a  significant  increase  in  the  volume  of  semen  produced. 
This  could  be  due  to  the  occupancy  of  the  gonadotropin  receptor  by  excess  hCG.  The 
volume  of  semen  produced  at  first  stripping  was  not  substantially  different  than  the  vol¬ 
ume  produced  at  the  second  stripping. 
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The  use  of  hCG  and  LHRHa  have  each  been  shown  to  have  similar  effects  on  sperm  pro¬ 
duction  in  percid  fishes.  However,  hCG  is  approved  for  use  on  fish  by  the  Food  and  Drug 
Administration  (FDA).  The  use  of  LHRHa  requires  an  Investigational  New  Animal  Drug 
(INAD)  permit  for  legal  use  on  fish.  Also,  the  appropriate  preparation  and  dosage  of  hCG 
is  less  expensive  than  LHRHa. 

Billiard  and  Marcel  (1980)  reported  that  sperm  obtained  from  northern  pike  following 
hormonal  treatment  had  a  fertilization  capacity  of  67  -  90%.  The  quality  of  semen  in  the 
present  study  was  not  quantitatively  compared  between  injected  and  noninjected  fish. 
However,  prior  to  the  use  of  extended  semen,  it  was  checked  under  a  binocular  micro¬ 
scope  to  ensure  adequate  motility.  No  obvious  differences  in  motility  were  evident 
between  extended  semen  from  injected  and  noninjected  fish.  Semen  collected  from  male 
sauger  injected  with  hCG  was  used  to  fertilize  a  total  of  55.5  million  sauger  eggs  in  1996 
and  2001  resulting  in  an  average  hatch  rate  of  63.2%. 
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Table  1.  Semen  production  comparison.  Data  from  1996  compares  sauger  injected  with 
human  chorionic  gonadotropin  (hCG)  versus  noninjected  fish.  Data  from  2001 
compares  results  from  sauger  injected  with  different  doses  of  hCG.  Asterisk  * 
denotes  semen  volume  was  significantly  larger  for  that  treatment  group 
(PcO.Ol). 


Injection  Rate 
(IU/kg  BW) 

Fish 

(n) 

Fish  Weight 
(kg) 

Semen  Volume 
(ml/kg) 

Semen  Volume 
(ml/fish) 

1 996  Experiment 

0 

13 

0.48  ±0.12 

1.1  ±0.7 

0.5  ±0.3 

550 

13 

0.57  ±0.13 

3.0  ±0.7* 

1.7  ±0.2* 

2001  Experiment 

550 

37 

0.75  ±  0.24 

3.4  ±  1.5 

2.5  ±  1.4 

1,100 

37 

0.68  ±0.19 

4.2  ±2.5 

2.6  ±  1.5 
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ABSTRACT 

The  butterfly  (Lepidoptera)  fauna  of  east-central  Illinois  is  largely  undocumented.  We 
collected  butterflies  and  examined  specimens  in  the  Insect  Museum  at  Eastern  Illinois 
University  for  unpublished  records  for  five  counties  in  east-central  Illinois.  Here  we 
report  105  new  butterfly  county  records:  17  for  Clark  County,  30  for  Coles  County,  28 
for  Cumberland  County,  9  for  Douglas  County,  and  21  for  Edgar  County.  We  also 
describe  behavioral  observations,  in  particular  those  behaviors  related  to  reproduction,  for 
some  of  the  records.  Of  special  note  were  two  rare  vagrants  from  Coles  County  found  in 
the  museum  collection,  the  orange-barred  sulphur  ( Phoebis  philea)  and  the  marine  blue 
(. Leptotes  marina). 


INTRODUCTION 

The  butterfly  (Lepidoptera)  fauna  of  East-central  Illinois  is  largely  undocumented 
(Bouseman  and  Sternburg  2001).  In  fact,  with  only  a  few  published  records  for  each 
county,  the  butterfly  species  in  this  region  are  perhaps  the  least  known  of  any  area  in  Illi¬ 
nois  (Bouseman  1997).  To  help  fill  this  gap  in  our  understanding  of  Illinois  butterflies, 
we  made  survey  and  collection  trips  periodically  from  September  2001  to  September 
2002  to  five  counties  in  this  region:  Clark,  Coles,  Cumberland,  Douglas,  and  Edgar.  In 
addition,  we  examined  the  Insect  Museum  in  the  Department  of  Biological  Sciences  at 
Eastern  Illinois  University,  Charleston,  IL  (EIUC)  for  other  unpublished  records  for  these 
five  counties.  Below  we  present  the  new  records  and  relevant  behavioral  observations 
from  our  study.  We  use  common  names  throughout  the  text  (following  Glassberg  1999); 
scientific  names  for  these  species  are  listed  in  Table  1. 

NEW  RECORDS 

Our  identifications  were  verified  by  J.K.  Bouseman  and  J.G.  Sternburg  of  the  Illinois 
Natural  History  Survey  in  Champaign,  Illinois.  Table  1  lists  the  new  records,  collection 
locations,  and  date  of  capture.  Voucher  specimens  were  collected  and  are  housed  perma- 
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nently  at  EIUC.  Specimens  were  determined  as  new  county  records  if  they  were  not  listed 
as  a  published  or  unpublished  record  in  Bouseman  and  Sternburg  (2001)  Butterflies  of 
Illinois.  Bouseman  and  Sternburg  (2001)  used  current  information  from  a  variety  of 
sources,  including  Irwin  and  Downey  (1973)  and  the  insect  collections  at  the  Illinois 
Natural  History  Survey  in  Champaign,  to  create  their  lists  of  county  records. 

Most  of  the  new  records  represent  common  species  in  Illinois.  However,  of  particular 
note  are  the  new  records  for  orange-barred  sulphur  and  marine  blue  from  the  EIUC  col¬ 
lection.  Orange  barred  sulphur,  a  southern  species,  has  been  recorded  previously  in  one 
Illinois  county  (Bouseman  and  Sternburg  2001).  Glassberg  (1999)  noted  that  northern 
records  for  this  species  are  generally  from  at  least  60  years  ago,  which  roughly  corre¬ 
sponds  to  the  capture  date  of  this  specimen.  The  marine  blue  is  a  southwestern  species 
common  in  Texas  (Glassberg  1999).  In  1993  (the  same  year  as  our  record)  a  large  move¬ 
ment  of  this  species  occurred  to  the  northern  states  (Glassberg  1999). 

BEHAVIORAL  OBSERVATIONS  AND  EVIDENCE  OF  REPRODUCTION 

The  following  describes  observations  recorded  for  the  species  representing  new  records 
in  the  5  county  area. 

Larval  stages 

We  recorded  larvae  in  Clark  County  for  red-spotted  purple  (crossing  a  road  in  Lincoln 
Trail  State  Park,  29  Aug  2002).  In  Coles  County  we  recorded  larvae  for  monarch  (on 
common  milkweed,  Asclepias  syriaca;  August  2002),  black  swallowtail  (on  dill  Anethum 
graveolens,  parsley  Petroselinum  crispum,  and  rue  Ruta  graveolens ;  July,  August,  Octo¬ 
ber  2002),  spicebush  swallowtail  (on  spicebush  Lindera  benzoin;  August  2002),  and  red- 
spotted  purple  (on  cottonwood,  Populus  deltoides;  17  Aug  2002).  In  Cumberland  County, 
larval  stages  were  recorded  for  monarch  (common  milkweed;  01  Sept  2002). 

Copulation 

In  Clark  County,  we  observed  copulation  by  monarch  (25  Aug  2002).  In  Coles  County, 
copulation  was  observed  in  pearl  crescent  (17  Aug  2002).  In  Douglas  County,  we 
observed  copulation  by  buckeye  (28  Sept  2002)  and  in  Edgar  county  by  orange  sulphur 
(03  Aug  2002)  and  by  monarch  (03  Aug  2002). 

Chasing  or  Patrolling 

Chasing  (pursuit  of  nearby  conspecifics  or  heterospecifics)  was  observed  in  Clark  County 
by  black  swallowtail  (29  Aug  2002),  eastern  comma  (25  Aug  2002),  red-spotted  purple 
(25  Aug  2002)  and  tawny  emperor  (25  Aug  2002).  In  Coles  County,  chasing  was 
observed  by  spicebush  swallowtail  (17  Aug  2002),  summer  azure  (27  May  2002),  hack- 
berry  emperor  (07  July  2002),  question  mark  (02  June  2002),  and  viceroy  (17  Aug  2002). 
In  Cumberland  County,  we  observed  chasing  by  pipevine  swallowtail  (26  July  2002), 
patrolling  and  chasing  by  black  swallowtail  (19  July  2002),  patrolling  by  checkered  white 
(19  July  2002),  and  chasing  by  cabbage  white  (07  July  2002)  and  eastern  comma  (26  July 
2002).  The  black  swallowtails  patrolled  rectangular  areas  (approximately  15  m  on  a  side) 
over  soybeans  and  corn  at  the  end  of  a  hedgerow;  the  checkered  white  patrolled  a  rectan¬ 
gular  area  over  soybeans  approximately  approximately  5  m  on  a  side.  In  Douglas  County 
we  observed  chasing  by  pearl  crescent  (28  Sept  2002),  and  in  Edgar  County  chasing  by 
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hackberry  emperor  (03  Aug  2002),  and  buckeye  (03  Aug  2002).  Of  particular  interest 
was  a  viceroy  continually  pursuing  a  red-spotted  purple  at  Fox  Ridge  State  Park  in  Coles 
County  on  17  Aug  2002.  The  pursuit  lasted  for  1-2  min  as  the  viceroy  followed  the  red- 
spotted  purple  from  plant  to  plant,  occasionally  landing  on  the  leaf  next  to  the  red-spotted 
purple.  Such  continued  pursuit  of  a  heterospecific  is  unusual  (e.g.  Schultz  and  Switzer 
2001);  unfortunately,  the  two  individuals  evaded  capture  so  their  sex  was  unknown. 

Sap  and/or  Fruit  feeding 

We  observed  sap  feeding  for  question  mark,  hackberry  emperor  and  tawny  emperor.  Spe¬ 
cies  observed  feeding  at  rotten  fruit  included  question  mark,  eastern  comma,  gray 
comma,  viceroy,  red-spotted  purple,  hackberry  emperor,  and  tawny  emperor. 
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Species  Clark  Coles _ Cumberland _ Douglas _ Edgar _ 
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BOOK  REVIEW  2003  -  #3 

Thompson,  John.  Wetlands  Drainage,  River  Modification,  and  Sectoral  Conflict  in  the 
Lower  Illinois  River  Valley,  1890-1930.  2002.  xxii  +  284  pages;  23  figures;  19  maps;  19 
tables;  notes;  bibliography;  index.  Southern  Illinois  University  Press,  Carbondale  and 
Edwardsville,  Illinois.  Hard  Cover.  ISBN  0-8093-2398-2.  Price:  US$60.00.  Available 
from  the  Southern  Illinois  University  Press,  P.O.  Box  3697,  Carbondale,  IL  62902-3697. 

Thompson’s  Wetlands  Drainage,  River  Modification,  and  Sectoral  Conflict  in  the  Lower 
Illinois  River  Valley,  1890-1930  addresses  the  physical,  economic,  technological,  social, 
legal,  and  political  aspects  of  the  conversion  of  the  lower  Illinois  River  flood  plain  to 
agricultural  uses.  The  book  documents  each  of  these  aspects  and  brings  them  together  in 
a  historic  context  that  illustrates  their  connection. 

Each  chapter  of  the  book  addresses  a  different  aspect,  starting  with  the  physical  setting. 
Later  chapters  deal  with  the  formation  and  growth  of  numerous  drainage  districts,  tech¬ 
nological  advances,  personalities  involved,  and  outside  influences  affecting  the  districts. 
Closing  chapters  address  district  challenges  and  survivorship,  political  and  economic 
conflicts  brought  out  by  degradation  of  natural  systems,  and  changing  societal  attitudes 
toward  natural  resources.  All  of  these  factors  were  influenced  by  physical  changes  caused 
by  human  activities  in  the  lower  Illinois  River  valley.  One  of  the  great  strengths  of  this 
book  is  that  it  locates  and  summarizes  many  local  sources  of  information  that  are  often 
difficult  to  obtain,  such  as  drainage  district  records  and  newspaper  accounts.  Full  refer¬ 
ences  and  other  information  are  presented  as  endnotes. 

The  overly  formal  style  of  writing  and  the  extensive  presentation  of  details  (occasionally 
repeated)  will  likely  preclude  the  casual  reader.  However,  the  extensive  details  allow  the 
reader  to  create  a  vivid  mental  picture  of  the  life  along  the  lower  Illinois  River  over  this 
time  span.  Additionally,  many  of  the  book’s  black-and-white  illustrations  are  difficult  to 
use  because  of  their  small  fonts  and  crowded  features;  this  is  due,  at  least  in  part,  to  the 
linear  nature  of  the  lower  Illinois  River,  which  does  not  lend  itself  well  to  book-sized 
illustrations. 

This  book  will  be  of  great  interest  to  those  who  study  large  engineering  works,  politics, 
socioeconomics,  and  the  impact  that  man  has  had  on  our  natural  environment.  Anyone 
working  in  the  Illinois  River  watershed  or  in  similar  systems  elsewhere  will  find  it  quite 
useful  in  understanding  the  extent  and  timing  of  anthropogenic  impacts.  The  book  clearly 
illustrates  the  connections  between  mankind’s  actions  throughout  the  watershed  and  the 
resultant  impacts  to  the  natural  system,  which  still  may  not  be  widely  appreciated  by  the 
public.  Finally,  the  book  is  valuable  in  understanding  the  economic,  cultural,  and  political 
underpinnings  of  the  decisions  made  during  the  development  of  the  natural  resources  in 
this  watershed,  and  to  see  the  origins  of  society’s  response  to  those  dwindling  resources. 

Reviewer:  James  J.  Miner,  Illinois  State  Geological  Survey,  Champaign,  IL  61820. 
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2003  Annual  Meeting  Award  Winners 

BOTANY  DIVISION 

Oral  Presentation  Awards 

1st  Place 

A.J.  Kinser  -  Southern  Illinois  University  Carbondale 
Moerckia  flotoviana  (Nees)  Schiffn.  and  Moerckia  hibernica  (Hook.)  Gottsche  - 

Problem  Resolved 


2nd  Place 

K.M  Foster  -  Southern  Illinois  University  at  Carbondale 
Population  Dynamics  of  Trifolium  reflexum  in  the  Northern  Portion  of  its  Range 

Poster  Awards 

1st  Place 

J.  Long  -  Southern  Illinois  University  Carbondale 
Apical  Cell  Geometry  and  Ventral  Appendage  Morphology  in  the 
Fossombroniaies  (Marchantiophyta) 


2nd  Place 

D.K.  Kosma  -  Southern  Illinois  University  at  Carbondale 
Response  of  Tuber  Producing  and  Non-tuber  Producing  Species  of 

Fossombronia  to  Water  Stress 


CELL,  MOLECULAR,  AND  DEVELOPMENTAL  BIOLOGY  DIVISION 

Undergraduate  Presentation  Award 

Meghan  Thorne  -  Bradley  University 

Heat-induced  Oligomerization  of  gp96  Occurs  at  Physiologically-relevant 
Temperatures,  is  Irreversible,  and  is  Inhibited  by  ATP 

Graduate  Presentation  Award 

Neil  McLaughlin  -  University  of  Illinois  at  Chicago 
Immunolocalization  of  Two  Potentially  Contractile  Cytoskeletal  Proteins  to  the 
Oral  Apparatus  of  the  Carnivorous  Macrostomal  form  of  Tetrahymena  vorax 

Poster  Award 

Jason  S.  Allen  -  Southern  Illinois  University  Edwardsville 
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Bird  Abundance  at  Feeders  Increases 
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and  Robert  M.  Wilhelmi 
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ABSTRACT 

When  given  a  choice,  birds  should  choose  to  visit  food  sources  closest  to  cover  in  order 
to  reduce  the  probability  of  predation.  We  examined  the  effects  of  distance  to  nearest 
cover  on  bird  abundance  at  feeders.  The  study  was  conducted  at  four  suburban  residences 
in  and  around  Aurora,  Illinois  during  the  winter  of  2002.  At  each  residence,  four  bird- 
feeders  were  placed  0.0,  2.5,  5.0,  and  7.5  m,  respectively  from  the  nearest  tree.  We 
monitored  bird  attendance  at  these  feeders.  Eight  species  were  more  abundant  at  feeders 
closest  to  cover:  Mourning  Dove  ( Zenaida  macroura ),  Black-capped  Chickadee  ( Poecile 
atricapilla ),  Northern  Cardinal  ( Cardinalis  cardinalis ),  White-throated  Sparrow 
(Zonotrichia  albicollis ),  Dark-eyed  Junco  ( Junco  hyemalis),  Red-winged  Blackbird 
( Agelaius  phoeniceus ),  House  Finch  ( Carpodacus  mexicanus),  and  House  Sparrow  ( Pas¬ 
ser  domesticus).  Distance  to  cover  had  no  effect  on  abundance  of  American  Crow  (Cor¬ 
pus  brachyrhynchos )  and  European  Starling  ( Sturnus  vulgaris).  Birdfeeders  placed  closer 
to  cover  will  have  more  birds  than  feeders  farther  away  when  birds  are  given  a  choice. 


INTRODUCTION 

The  positioning  of  vegetative  cover  influences  the  feeding  behavior  of  birds  (Schneider 
1984,  Slotow  and  Rothstein  1995,  Slotow  and  Paxinos  1997).  Specifically,  birds  should 
choose  to  feed  in  locations  closest  to  cover  in  order  to  decrease  the  risk  of  predation, 
reduce  energy  costs  associated  with  flight,  and  potentially  minimize  exposure  in  severe 
weather  (Grubb  and  Greenwald  1982,  Lima  1985,  Todd  and  Cowie  1990).  However,  our 
understanding  of  how  the  location  of  cover  influences  seed  consumption  by  birds  that  use 
feeders  in  suburban  neighborhoods  is  not  well  known.  In  North  Cardiff,  Wales,  Cowie 
and  Simons  (1991)  found  that  the  amount  of  seed  consumed  at  feeding  stations  adjacent 
to  hedgerow  cover  was  approximately  double  that  of  feeders  7.5  m  away. 

We  performed  a  study  similar  to  Cowie  and  Simon’s  (1991)  study  in  order  to  examine  the 
effect  of  distance  to  the  nearest  cover  on  the  abundance  of  birds  that  use  feeders  in  subur¬ 
ban  Illinois.  We  predicted  that  when  offering  seed  at  various  distances  to  the  nearest  tree 
or  shrub,  bird  abundance  would  decrease  as  distance  to  cover  increases.  Results  from  this 
study  can  be  used  to  make  informed  decisions  about  where  to  place  birdfeeders  to 
increase  their  usage  by  specific  bird  species. 
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METHODS 

The  study  was  conducted  at  four  residences  in  the  cities  of  Aurora,  Batavia,  and  Geneva 
in  Kane  County,  and  Rochelle  in  DeKalb  County,  Illinois.  At  each  residence,  four  plat¬ 
form  feeders  or  silo  feeders  were  placed  at  distances  0.0,  2.5,  5.0,  and  7.5  m  away  from 
the  nearest  cover  (i.e.,  the  farthest  point  a  branch  of  a  small  tree  extended;  Cowie  and 
Simons  1991).  To  minimize  the  effect  position  of  the  house  has  on  bird  abundance  at 
feeders,  at  three  residences,  feeders  were  placed  parallel  to  and  at  least  7.5  m  away  from 
the  house  (Cowie  and  Simons,  1991).  At  the  fourth  location,  there  were  no  buildings  for 
approximately  50  m.  Feeders  were  placed  adjacent  to  a  tree  in  an  athletic  field. 

The  silo  feeder  used  was  the  Hyde  Super  Silo  feeder  mounted  on  a  1.8  m  Hyde  pole 
(Horn  1999).  The  feeder  was  hexagonal-shaped  and  contained  nine  feeding  ports.  Below 
the  feeder  was  a  circular  aluminum  tray  that  allowed  larger  birds  to  perch,  and  caught 
seeds  that  had  fallen  from  the  ports.  The  platform  feeder  was  made  by  Woodcraft,  and 
measured  0.60  m  long  by  0.45  m  wide  with  legs  0.15  m  high.  Prior  to  the  start  of  the 
study,  two  residences  were  randomly  assigned  to  begin  the  study  with  four  silo  feeders, 
while  the  other  two  residences  began  with  four  platform  feeders.  After  four  weeks,  resi¬ 
dences  with  silo  feeders  received  platform  feeders,  and  vice  versa.  Different  feeder  types 
have  different  abundances  of  birds  (Horn  1995);  hence,  having  two  types  of  feeders 
allowed  us  to  increase  the  types  of  birds  present.  Feeders  were  filled  with  black-oil  sun¬ 
flower  seed,  a  preferred  seed  of  birds  that  use  feeders  (Geis  1980),  and  filled  prior  to 
monitoring. 

Feeders  were  monitored  during  an  eight- week  period  from  January  21  -  March  17,  2002. 
Four  90-minute  monitoring  sessions  took  place  at  each  residence  each  week.  With  few 
exceptions,  two  of  the  weekly  monitoring  sessions  began  no  earlier  than  sunrise,  and 
ended  no  later  than  three  hours  after  sunrise.  The  remaining  two  weekly  monitoring  ses¬ 
sions  took  place  anytime  from  3  hours  after  sunrise  to  sunset.  An  early  and  late  monitor¬ 
ing  session  could  take  place  on  the  same  day,  but  two  consecutive  early  or  late  monitor¬ 
ing  sessions  on  the  same  day  were  not  permitted.  During  each  monitoring  session,  we 
recorded  the  maximum  number  of  individuals  of  each  species  we  could  account  for  at 
each  feeder  or  on  the  ground  within  1  m  of  the  feeder  (e.g.,  if  a  Black-capped  Chickadee 
was  seen  multiple  times  flying  to  and  from  a  feeder  2.5  m  away  from  cover  it  would  be 
recorded  as  1  chickadee  unless  the  observer  could  simultaneously  see  >1  chickadee  in  the 
surrounding  area  using  the  feeder)  (Horn  1999).  If  a  mammal  approached  the  feeders 
during  the  monitoring  period  it  was  chased  away.  We  did  not  monitor  the  feeders  for  five 
minutes  after  chasing  away  the  mammal,  and  five  minutes  were  added  on  to  the  total 
monitoring  time. 

To  determine  if  bird  abundance  differed  at  feeders  0.0,  2.5,  5.0,  and  7.5  m  away  from  the 
nearest  cover,  a  slope  of  the  total  number  of  individuals  of  all  species  combined,  total 
number  of  species,  and  abundance  of  individual  species  was  calculated  from  the  four 
feeders  during  each  monitoring  session.  Ninety-five  percent  confidence  intervals  of  the 
slopes  were  then  calculated  using  the  slopes  from  all  monitoring  sessions  from  all  four 
residences  combined  (n=126  slopes  used  to  calculate  confidence  intervals;  the  total  num¬ 
ber  of  monitoring  sessions  [slopes]  should  have  been  128,  however,  two  monitoring  ses- 
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sions  were  removed  from  analysis  because  they  were  considerably  longer  than  90  min¬ 
utes).  We  used  Microsoft  Excel  2000  to  determine  slopes  and  confidence  intervals.  If  the 
95%  confidence  intervals  of  the  slopes  did  not  overlap  with  0,  we  considered  bird  abun¬ 
dance  to  differ  at  feeders  0.0,  2.5,  5.0,  and  7.5  m  away  from  the  nearest  cover.  In  an 
attempt  not  to  subscribe  significance  to  spurious  results,  only  the  10  most  common  spe¬ 
cies  were  used  in  the  analysis. 


RESULTS 

We  made  2,492  observations  of  20  species.  The  ten  most  common  species  in  decreasing 
order  of  abundance  were:  House  Finch  ( Carpodacus  mexicanus),  House  Sparrow,  North¬ 
ern  Cardinal  ( Cardinalis  cardinalis),  Black-capped  Chickadee  ( Poecile  atricapilla ),  Red¬ 
winged  Blackbird  ( Agelaius  phoeniceus ),  Dark-eyed  Junco  ( Junco  hyemalis),  European 
Starling  ( Sturnus  vulgaris ),  Mourning  Dove  ( Zenaida  macroura),  American  Crow  ( Cor - 
vus  brachyrhynchos ),  and  White-throated  Sparrow  ( Zonotrichia  albicollis). 

Total  number  of  individuals  of  all  species  combined,  and  total  number  of  species, 
increased  at  feeders  as  distance  to  the  nearest  cover  decreased  (Figs.  1  and  2,  Table  1).  Of 
the  10  most  common  bird  species  observed,  the  abundance  at  feeders  of  eight  species 
decreased  with  increasing  distance  from  cover:  Mourning  Dove,  Black-capped  Chicka¬ 
dee,  Northern  Cardinal,  White-throated  Sparrow,  Dark-eyed  Junco,  Red-winged  Black¬ 
bird,  House  Finch,  and  House  Sparrow  (Table  1).  The  abundance  of  two  species  was  not 
influenced  by  distance  to  nearest  cover:  American  Crow  and  European  Starling. 

DISCUSSION 

As  distance  to  nearest  cover  increased,  total  number  of  individuals  of  all  bird  species 
combined,  total  number  of  species,  and  the  abundance  of  eight  species  decreased  at  feed¬ 
ers.  These  results  are  similar  to  the  findings  of  Cowie  and  Simons  (1991)  who  found  a 
near  doubling  of  seed  consumption  at  feeders  0.0  m  away  from  hedgerow  cover  com¬ 
pared  to  7.5  m  away.  Individual  species  such  as  Blue  Tit,  Parus  caeruleus,  and  House 
Sparrow,  Passer  domesticus,  were  observed  more  often  at  feeders  closer  to  cover,  while 
Greenfinches,  Carduelis  chloris,  used  feeders  at  all  distances  from  cover.  Furthermore, 
Cowie  and  Simons  (1991)  found  that  when  birds  were  using  the  feeder  7.5  m  away,  the 
proportion  of  time  spent  being  vigilant  at  feeders  was  greater  compared  to  feeders  closer 
to  cover. 

In  our  study,  the  abundance  of  two  species  was  not  influenced  by  distance  to  cover: 
American  Crow  and  European  Starling.  These  species  are  aggressive,  large-bodied,  and 
were  frequently  found  in  large  flocks.  Presumably  they  are  less  susceptible  to  predation 
because  of  the  combination  of  their  larger  body  size  and  tendency  to  form  flocks  (Page 
and  Whitacre  1975,  Siegfried  and  Underhill  1975,  Howe  1979).  Therefore,  they  may  be 
less  likely  to  make  foraging  decisions  based  on  distance  of  a  food  source  to  cover.  For 
example,  individuals  found  in  large  flocks  may  be  less  susceptible  to  predation  as  a  result 
of  increased  predator  detection  by  the  flock  as  a  whole  (Siegfried  and  Underhill  1975), 
and  decreased  probability  of  any  given  individual  being  killed  (Page  and  Whitacre  1975). 
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Birdfeeders  placed  closer  to  cover  may  have  a  higher  abundance  of  birds  as  a  result  of  a 
decreased  probability  of  predation,  lower  energy  costs  associated  with  flight,  and  poten¬ 
tially  reduced  exposure  in  severe  weather.  Lima  (1985)  examined  whether  the  frequency 
at  which  Black-capped  Chickadees  remained  at  feeders  to  consume  seeds  was  equal  at 
distances  2  -  18  m  from  cover,  and  how  predation  risk  influenced  the  choice  of  whether 
to  stay.  He  found  that  as  distance  from  a  birdfeeder  to  cover  increased,  the  proportion  of 
Black-capped  Chickadees  carrying  seeds  to  cover  decreased.  This  finding  is  most  likely 
due  to  the  increased  energy  costs  of  flight,  and  a  lowering  of  foraging  efficiency,  if  the 
bird  was  to  fly  back  and  forth  from  a  feeder  far  from  cover.  In  our  study,  birds  would 
presumably  use  less  energy  by  flying  to  the  feeder  0.0  m  away  from  cover  compared  to 
7.5  m  away.  Lima  also  found  that  increasing  the  predation  risk  associated  with  feeding 
influenced  the  bird's  choice  of  whether  to  stay  at  a  feeder  or  fly  to  cover.  When  a  simu¬ 
lated  predator  was  present,  chickadees  at  feeders  farthest  from  cover  flew  to  cover  more 
often  than  when  predation  risk  was  low.  In  our  case,  birds  may  have  selected  feeders 
closer  to  cover  to  reduce  the  time  required  for  escape. 

In  addition  to  reducing  predation  risk,  and  lowering  energy  costs,  birds  may  use  feeders 
placed  closer  to  cover  to  reduce  their  exposure  to  severe  weather.  Grubb  and  Greenwald 
(1982)  examined  how  the  choice  of  feeding  location  by  House  Sparrows  was  influenced 
by  distance  to  a  brush  pile  and  its  microclimate  (i.e.,  wind  and  solar  radiation).  House 
Sparrows  were  more  likely  to  feed  closer  to  the  brush  pile  when  microclimate  was  similar 
at  both  locations,  but  fed  at  locations  farther  from  the  brush  pile  when  microclimate  of 
the  farther  food  source  was  more  favorable  (i.e.,  lower  wind  velocity  and  greater  solar 
radiation)  to  that  of  the  nearer  location.  In  our  study,  feeders  placed  closer  to  cover  may 
have  been  more  protected  from  the  wind  than  feeders  farther  away. 

There  are  a  number  of  uncontrolled  factors  in  this  study  that  had  the  potential  to  influence 
our  results.  First,  the  cover  from  which  feeders  were  placed  was  not  of  the  same  tree  spe¬ 
cies.  Birds  may  react  differently  to  different  types  of  trees  as  cover.  The  surrounding 
landscape  around  a  residence  varied.  In  Iowa,  Horn  et  al.  (2002)  found  that  the  occur¬ 
rence  of  22  of  23  bird  species  was  influenced  by  the  habitat  (i.e.,  suburbs,  town,  farm, 
and  timber)  surrounding  the  yard.  Finally,  this  study  focused  on  suburban  birds.  Birds  in 
other  habitats,  such  as  prairies,  may  not  respond  to  a  small  tree  or  shrub  in  the  same  way 
as  suburban  birds  when  making  decisions  about  feeding  location. 

In  2001,  over  40  million  Americans  over  the  age  of  16  watched  birds  around  their  homes 
and  spent  more  than  2  billion  dollars  on  birdseed  (U.S.  Fish  and  Wildlife  Service  2002). 
The  public's  interest  in  bird  feeding  has  resulted  in  increased  scientific  research  on  the 
subject  including  studies  on  the  use  of  feeder  surveys  to  determine  population  trends 
(Wells  et  al.  1998),  irruptive  migrations  of  finches  (Hochachka  et  al.  1999),  extent  to 
which  birds  use  feeders  to  meet  daily  energy  requirements  (Geis  and  Pomeroy  1993), 
how  feeders  impact  overwinter  survival  (Brittingham  and  Temple  1988),  spread  of 
emerging  diseases  such  as  Mycoplasmal  conjunctivitis  and  population-level  effects  on 
avian  hosts  (Hochachka  and  Dhondt  2000),  and  individual  variation  in  use  of  feeders 
(Wilson  2001).  Comparatively  little  research  has  examined  the  effects  of  birdfeeder  posi¬ 
tion  on  the  abundance  of  birds  (although  see  Cowie  and  Simons  1991,  and  Dunn  and 
Hussell  1991).  Results  from  this  study  can  be  used  to  make  informed  decisions  about 
where  to  place  birdfeeders  to  enhance  use.  Specifically,  birdfeeders  placed  closer  to  trees 
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or  shrubs  will  have  more  birds  than  feeders  farther  away  from  cover  when  birds  are  given 
a  choice  of  where  to  feed.  Results  from  this  study,  however,  may  only  be  representative 
of  feeding  patterns  when  multiple  feeders  are  present  in  a  yard.  Future  studies  should 
examine  whether  a  single  feeder  when  placed  at  different  distances  from  cover  receives 
the  same  number  of  visits  at  all  distances. 
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Figure  1.  Mean  and  95%  confidence  intervals  of  the  total  number  of  individuals  of  all 
bird  species  combined  observed  per  monitoring  session  at  feeders  0.0,  2.5,  5.0, 
and  7.5  m  away  from  the  nearest  cover  at  four  residences  in  and  around  Aurora, 
Illinois  during  the  winter  of  2002. 
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winter  of  2002. 
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ABSTRACT 

Foley  Sand  Prairie  Nature  Preserve,  Lee  County,  Illinois,  was  studied  during  the  growing 
seasons  of  2001  and  2002.  Located  in  the  Green  River  lowlands  of  northwestern  Illinois, 
this  area  was  dominated  by  marshes  and  sand  prairies  before  European  settlement.  The 
native  prairie  grasses  with  the  highest  importance  values  were  Schizachyrium  scoparium 
(Michx.)  Nash  (little  bluestem)  and  Sporobolus  heterolepis  (Gray)  Gray  (prairie  drop- 
seed).  Important  forbs  included  Euphorbia  corollata  L.  (flowering  spurge),  Aster  ericoi- 
des  L.  (heath  aster),  Echinacea  pallida  Nutt,  (pale  coneflower),  and  Coreopsis  palmata 
Nutt,  (prairie  coreopsis).  A  total  of  180  vascular  plant  species  were  found  on  the  site,  132 
species  of  dicots,  46  monocots,  and  two  fern-allies.  Twenty  non-native  species  were 
found,  comprising  about  12%  of  the  flora.  The  dry  sand  prairie  community  had  a  Floristic 
Quality  Index  of  52.98. 


INTRODUCTION 

At  the  time  of  European  settlement  prairie  vegetation  covered  about  60%  of  Illinois 
(Iverson  et  al.  1991).  Most  was  tail-grass,  black  soil  prairie  that  occurred  in  the  prairie 
peninsula  in  the  northeastern  part  of  the  state  (Schwegman  1973,  Ebinger  and  McClain 
1991).  Other  prairie  communities  were  also  common,  such  as  loess  hill  prairies,  glacial 
till  prairies,  sand  prairies,  and  gravel  prairies,  depending  on  soil  and  topography 
(Schwegman  1973).  Of  these  prairie  communities,  sand  prairies  were  relatively  common 
in  the  northern  half  of  Illinois.  Most  occurred  on  outwash  plains  that  resulted  from  ero- 
sional  events  associated  with  Wisconsin  glaciation  (Willman  and  Frye  1970,  King  1981). 
The  most  extensive  are  the  Kankakee  Sand  Area  Section  of  the  Grand  Prairie  Natural 
Division  in  northeastern  Illinois  and  the  Illinois  River  Sand  Area  Section  of  the  Illinois 
River  and  Mississippi  River  Sand  Area  Natural  Division  in  the  central  part  of  the  state 
(Schwegman  1973). 


256 


Numerous  smaller  sand  deposits  also  occur  in  Illinois,  including  the  glacial  outwash 
sands  along  the  upper  Mississippi  River  valley  and  its  tributaries  and  the  Green  River 
Lowlands  of  Lee  and  Henry  counties  in  northwestern  Illinois.  Gleason  (1910)  refers  to 
these  sand  areas  in  his  extensive  studies  of  the  inland  sand  deposits  of  Illinois.  Until  Han¬ 
del  et  al.  (2003)  Gleason’s  work  was  the  only  study  of  the  flora  of  the  Green  River  sand 
deposits.  This  sand  area  contains  numerous  small  dunes,  but  few  still  retain  native  flora, 
having  been  degraded  or  destroyed  by  grazing,  agriculture,  or  development.  The  present 
study  was  undertaken  to  determine  vascular  plant  species  composition,  vegetation  struc¬ 
ture,  and  floristic  quality  of  a  small  dry  sand  prairie  community  located  in  the  Green 
River  Lowlands  on  a  dune  ridge  and  slope  at  Foley  Sand  Prairie  Nature  Preserve 
(FSPNP). 


STUDY  SITE 

FSPNP  is  located  in  the  extreme  western  part  of  Lee  County,  about  25  km  southwest  of 
Dixon,  Illinois,  and  about  7  km  northwest  of  the  terminal  moraine  of  Wisconsin  glacia¬ 
tion  (Killey  1998).  Extensive  amounts  of  sand  and  gravel  were  deposited  in  the  Green 
River  Lowlands  during  intermittent  warm  periods  of  the  Wisconsin  Episode.  These  sands 
were  reworked  by  wind  creating  numerous  small  sand  dunes  throughout  the  lowlands 
(Killey  1998).  The  soils  of  the  dune  at  FSPNP  are  excessively  drained  Sparta  loamy 
sands,  while  Orio  loamy  sand  occurs  in  the  poorly  drained  depression  at  the  base  of  the 
dune  (Zwicker  1985).  The  vegetation  varies  from  dry  sand  prairie  to  sedge  meadow, 
depending  upon  availability  and  persistence  of  moisture  (White  and  Madany  1978,  Rob¬ 
ertson  1998). 

The  small  prairie  community  in  the  FSPNP  is  about  2.8  ha  in  size  and  nearly  covers  the 
entire  ridge  and  slopes  of  the  dune  (SW1/4  S7  T20N  R8E).  Formerly  called  County  Line 
Prairie,  this  dune  has  been  grazed  in  the  past,  but  not  plowed.  Since  being  dedicated  in 
1988,  the  only  management  has  been  occasional  burns.  A  lowland  depression  adjacent  to 
the  dune,  and  a  small  field  make  up  the  remainder  of  FSPNP.  This  area  was  plowed  once, 
the  year  before  being  purchased  by  the  Illinois  Department  of  Natural  Resources,  and 
comprises  about  3.4  ha  of  the  6.2  ha  FSPNP.  Many  prairie  as  well  as  non-native  species 
now  occur  in  this  area. 

Climate  at  FSPNP  is  continental  with  warm  summers  and  cold  winters.  Based  on  weather 
data  from  Dixon,  25  km  northeast  of  FSPNP,  the  mean  annual  precipitation  is  94.7  cm, 
with  June  having  the  highest  rainfall  (12.4  cm).  Mean  annual  temperature  is  8.5°C  with 
the  hottest  month  being  July  (average  of  22.3°C),  and  the  coldest  January  (average  of  - 
7.9°C).  Average  number  of  frost  free  days  is  161  (Midwestern  Regional  Climate  Center 
2002,  Angel  and  Armstrong  1998). 


METHODS 

FSPNP  was  visited  throughout  the  growing  seasons  of  2001  and  2002.  Voucher  speci¬ 
mens  of  each  plant  species  were  collected,  identified,  and  deposited  in  the  Stover-Ebinger 
Herbarium  of  Eastern  Illinois  University,  Charleston,  Illinois  (EIU).  Criteria  for  desig¬ 
nating  non-native  species  followed  Mohlenbrock  (1986)  and  Gleason  and  Cronquist 
(1991). 
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In  August  of  2002  four  25  m  transects  were  located  randomly  in  an  east-west  orientation 
within  the  study  area  to  determine  plant  community  composition.  Along  each  transect,  1 
m2  quadrats  were  located  at  1  m  intervals  (n=25/transect).  Quadrats  located  at  odd  num¬ 
bered  intervals  were  on  the  north  side  of  the  transect  line;  quadrats  located  at  even  num¬ 
bered  intervals  were  on  the  south  side  of  the  transect  line.  A  random  numbers  table  was 
used  to  determine  the  number  of  meters  (0  to  9)  the  quadrat  was  located  from  the  transect 
line.  Species  cover  was  determined  using  the  Daubenmire  cover  class  system  (Dauben- 
mire  1959)  as  modified  by  Bailey  and  Poulton  (1968).  Only  ground  layer  species  rooted 
within  the  quadrat  frame  were  recorded.  The  modified  Daubenmire  cover  scale  is  as  fol¬ 
lows:  class  1  =  0  to  1%;  class  2  =  >1  to  5%;  class  3  =  >5  to  25%;  class  4  =  >25  to  50%; 
class  5  =  >50  to  75%;  class  6  =  >75  to  95%;  class  7  =  >95  to  100%.  Importance  value 
(IV)  was  determined  by  summing  relative  cover  and  relative  frequency. 

The  Floristic  Quality  Index  (FQI)  was  determined  using  the  coefficient  of  conservatism 
(CC)  assigned  each  species  by  Taft,  et  al.  (1997).  The  CC  for  each  taxon  in  the  Illinois 
flora  was  determined  by  assigning  each  an  integer  from  0  to  10  based  on  the  species  tol¬ 
erance  to  disturbance  and  its  fidelity  to  habitat  integrity  based  on  observation  made  by 
many  observers  over  years  of  study.  Therefore,  as  used  here  the  FQI  is  a  weighted  index 
of  species  richness  (N  =  number  of  species  present  on  a  site),  and  is  the  arithmetic  prod¬ 
uct  of  the  average  coefficient  of  conservatism  (C-Value  =  the  average  of  all  species  CC's) 
multiplied  by  the  square  root  of  the  species  richness  (  Vn  )  of  an  inventory  site:  FQI  =  C- 
Value  (  Vn  ). 

For  relatively  small  areas  that  are  intensively  studied,  the  FQI  gives  a  rapid  means  of 
comparison  and  an  indication  of  the  floristic  integrity  of  the  site.  As  used  here,  the  floris¬ 
tic  integrity  of  the  site  is  related  to  its  species  diversity,  and  the  degree  to  which  self-cor- 
recting  properties  are  exhibited  when  the  site  is  exposed  to  disturbance.  Using  the  FQI 
along  with  other  floristic  measures,  such  as  quadrat-based  sampling  methods,  provides  a 
way  to  making  qualitative  comparisons  among  sites.  Prairies  with  an  FQI  of  35  or  higher 
are  considered  good  quality  natural  areas  (Taft  et  al.  1997). 

RESULTS  AND  DISCUSSION 

A  total  of  180  species  within  127  genera  and  43  families  were  documented  (Appendix  I). 
Fern  and  fern-allies  were  represented  by  only  two  species.  Of  the  remainder,  46  were 
monocots  in  6  families  and  31  genera  and  132  were  dicots  in  36  families  and  95  genera. 
Twenty  non-native  species  were  encountered,  and  11  species  of  trees  and  shrubs  were 
collected.  The  predominant  plant  families  were  the  Asteraceae  with  39  species,  the 
Poaceae  with  25  species,  and  the  Cyperaceae  with  13  species. 

Of  the  species  encountered,  42  were  present  in  the  quadrats.  Of  these  taxa  Schizachyrium 
scoparium  (Michx.)  Nash  (little  bluestem)  was  most  important,  having  a  frequency  of 
80%,  a  relative  cover  of  16.1,  and  an  IV  of  23.5  (Table  1).  A  close  second  was  Euphorbia 
corollata  L.  (flowering  spurge)  with  an  IV  of  22.9,  followed  by  Aster  ericoides  L.  (heath 
aster),  Sporopolus  heterolepis  (Gray)  Gray  (prairie  dropseed),  and  Echinacea  pallida 
Nutt,  (pale  coneflower).  Overall,  ten  native  prairie  species,  that  are  typical  components  of 
dry  sand  prairies,  had  I V's  greater  than  10.  All  would  be  expected  in  good  quality  dry 
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sand  prairie  communities  in  northwestern  Illinois.  The  FQI  for  this  site  was  52.98,  with  a 
mean  C-Value  of  3.96. 

Of  the  other  species  encountered  in  the  plots,  two  were  non-native,  Poa  pratensis  L. 
(Kentucky  bluegrass)  and  Achillea  millefolium  L.  (common  yarrow).  Kentucky  bluegrass 
was  relatively  common  with  a  frequency  of  49%,  but  was  not  a  very  obvious  component 
of  the  flora  due  to  its  low  relative  cover  (0.3).  Common  yarrow,  in  contrast,  had  a  fre¬ 
quency  of  only  14%  and  was  mostly  represented  by  scattered  basal  leaves. 

Of  the  three  woody  species  encountered  in  the  plots,  Amorpha  canescens  Pursh.  (lead- 
plant)  was  common,  having  an  IV  of  11.6  and  a  frequency  of  54%;  being  scattered 
throughout  the  prairies,  particularly  along  the  ridge  and  upper  dune  slopes.  Salix  humilis 
Marsh,  (prairie  willow),  in  contrast,  had  a  frequency  of  only  2%  and  was  restricted  to  a 
few  large  clumps  toward  the  middle  and  base  of  the  slopes  (Table  1).  Rosa  Carolina  L. 
(pasture  rose)  was  found  in  one  quadrat. 

Though  20  non-native,  adventive  species  were  encountered,  most  were  restricted  to  the 
roadside  on  the  south  edge  of  the  FSPNP.  Some  were  present  in  the  depression  adjacent 
to  the  dune,  or  in  the  disturbed  field  at  the  southwest  corner  of  the  preserve.  The  depres¬ 
sions  contained  remnants  of  a  sedge  meadow  community.  Also,  the  disturbed  field  con¬ 
tained  the  remaining  woody  species,  most  of  which  were  exotics  or  invasive  native  spe¬ 
cies. 

The  only  other  dry  sand  prairie  studied  in  the  Green  River  Lowlands  is  one  located  on  a 
shallow  ridge  that  is  surrounded  by  wetter  sand  prairies  and  sedge  meadows.  This  prairie 
is  in  the  Richardson  Wildlife  Foundation  in  the  central  part  of  Lee  County  35  km  east  of 
FSPNP  (Handel  et  al.  2003).  Here  Sorghastrum  nutans  Nash  (Indian  grass)  and  little 
bluestem  dominate,  while  the  important  forbs  included  Euthamia  graminifolia  (L.) 
Salisb.  (grass-leaved  goldenrod),  Solidago  nemoralis  Ait.  (gray  goldenrod),  and  Liatris 
aspera  (rough  blazing-star).  A  few  species  were  common  to  both  prairies,  but  many  spe¬ 
cies  at  the  Richardson  Wildlife  Foundation  were  commonly  associated  with  mesic  condi¬ 
tions.  Differences  in  hydrology  probably  accounted  for  the  different  species  composition. 
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Table  1.  Frequency  (%),  average  cover,  relative  frequency,  relative  cover,  and  impor¬ 
tance  value  of  ground  layer  species  at  Foley  Sand  Prairie  Nature  Preserve,  Lee 
County,  Illinois  (*  =  exotic  species). 


Species 

Freq. 

% 

Average 

Cover 

Rel. 

Freq. 

Rel. 

Cover 

I.  V. 

Schizachyrium  scoparium 

80 

14.76 

7.4 

16.1 

23.5 

Euphorbia  corollata 

90 

13.38 

8.4 

14.5 

22.9 

Aster  ericoides 

86 

9.91 

8.0 

10.7 

18.7 

Sporobolus  heterolepis 

55 

10.94 

5.1 

11.9 

17.0 

Echinacea  pallida 

81 

6.59 

7.5 

7.1 

14.6 

Coreopsis  palmate 

50 

6.38 

4.7 

6.9 

11.6 

Amorpha  canescens 

54 

6.12 

5.0 

6.6 

11.6 

Ambrosia  psilostachya 

64 

4.41 

6.0 

4.8 

10.8 

Cyperus  filiculmis 

97 

1.64 

9.0 

1.8 

10.8 

Comandra  umbellate 

70 

3.70 

6.5 

4.0 

10.5 

Stipa  spartea 

49 

2.20 

4.6 

2.4 

7.0 

*Poa  pratensis 

49 

0.30 

4.6 

0.3 

4.9 

Tephrosia  virginiana 

16 

2.61 

1.5 

2.8 

4.3 

Solidago  speciosa 

19 

1.96 

1.8 

2.1 

3.9 

Koeleria  macrantha 

22 

1.09 

2.0 

1.2 

3.2 

Dichanthelium  villosissimum 

29 

0.47 

2.7 

0.5 

3.2 

Liatris  aspera 

26 

0.72 

2.4 

0.8 

3.2 

Dichanthelium  oligosanthes 

24 

0.25 

2.2 

0.3 

2.5 

Helianthus  rigidus 

16 

0.67 

1.5 

0.7 

2.2 

*  Achillea  millefolium 

14 

0.10 

1.3 

0.1 

1.4 

Eragrostis  spectabilis 

13 

0.14 

1.2 

0.2 

1.4 

Euthamia  gymnospermoides 

6 

0.78 

0.5 

0.8 

1.3 

Salix  humilis 

2 

1.00 

0.2 

1.1 

1.3 

Solidago  nemoralis 

10 

0.30 

0.9 

0.3 

1.2 

Aster  sericeus 

6 

0.52 

0.5 

0.6 

1.1 

Sorghastrum  nutans 

7 

0.23 

0.7 

0.2 

0.9 

Heterotheca  camporum 

6 

0.16 

0.5 

0.2 

0.7 

Leptoloma  cognatum 

6 

0.08 

0.5 

0.1 

0.6 

Phlox  pilosa 

5 

0.10 

0.5 

0.1 

0.6 

Antennaria  plantaginifolia 

3 

0.21 

0.3 

0.2 

0.5 

Helianthus  occidentalis 

2 

0.30 

0.2 

0.3 

0.5 

Andropogon  gerardii 

2 

0.06 

0.2 

0.1 

0.3 

Asclepias  verticillata 

3 

0.02 

0.3 

— 

0.3 

Gentiana  puberulenta 

2 

0.06 

0.2 

0.1 

0.3 

Panicum  virgatum 

2 

0.06 

0.2 

0.1 

0.3 

Lespedeza  capitata 

2 

0.04 

0.2 

— 

0.2 

Oxalis  dillenii 

2 

0.01 

0.2 

— 

0.2 

Artemisia  campestris 

1 

0.03 

0.1 

— 

0.1 

Dalea  purpurea 

1 

0.03 

0.1 

— 

0.1 

Equisetum  arvense 

1 

0.01 

0.1 

— 

0.1 

Lithospermum  caroliniense 

1 

0.03 

0.1 

— 

0.1 

Rosa  Carolina 

1 

0.03 

0.1 

— 

0.1 

Totals 

Average  bare  ground  and  litter 

92.40 

14.83 

100.0 

100.0 

200.0 
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APPENDIX  I 

Vascular  plant  species  encountered  at  Foley  Sand  Prairie  Nature  Preserve,  Lee  County, 
Illinois,  are  listed  alphabetically  by  family  under  major  plant  groups.  Non-native  (exotic) 
species  are  indicated  by  an  asterisk  (*).  For  each  species  the  author's  collection  number 
(JEE)  is  given. 


FERN  AND  FERN  ALLIES 
Equisetaceae 

Equisetum  arvense  L.  not  collected 
Equisteum  laevigatum  R.  Br.  30930 

MONOCOTS 

Commelinaceae 

Tradescantia  ohiensis  Raf.  30683 
Cyperaceae 

Carex  bicknelii  Britt.  30686 
Carex  brevior  (Dewey)  Mack.  31036 
Carex  lanuginosa  Michx.  30685 
Carex  meadii  Dewey  3 1 347 
Carex  muhlenbergii  Willd.  30684 
Carex  pensylvanica  Lam.  31301 
Carex  stricta  Lam.  30687 
Carex  umbellata  Schk.  31346 
Carex  vesicaria  L.  31349 
Cyperus  esculentus  L.  31037 
Cyperus  filiculmis  Vahl.  31038 
Cyperus  schweinitzii  Torr.  31147 
Scleria  triglomerata  Michx.  31039 

Juncaceae 

J uncus  greenei  Oakes  &  Tuckerm.  31040 
Juncus  interior  Wieg.  30931 

Iridaceae 

Iris  shrevei  Small  30932 
Sisyrinchium  campestre  Bickn.  30688 

Liliaceae 

Hypoxis  hirsuta  (L.)  Coville  31303 
Polygonatum  commutatum  (Schult.)  A. 
Dietr.  31041 

Smilacina  stellata  (L.)  Desf.  31302 
Poaceae 

*Agropyron  repens  (L.)  Beauv.  30933 
Agrostis  hyemalis  (Walt.)  BSP.  30934 
Andropogon  gerardii  Vitman  31042 
*Bromus  inermis  Leyss.  30690 
*Bromus  tectorum  L.  30689 
Calamagrostis  canadensis  (Michx.)  Beauv. 
31152 

*Dactylis  glomerata  L.  3069 1 


Dichanthelium  linearifolium  (Scribn.)  Gould 
31345 

Dichanthelium  oligosanthes  (Schult.)  Gould 

31043 

Dichanthelium  villosissimum  (Nash) 
Freckm.  30693 
Elymus  canadensis  L.  31153 
Er agrostis  spectabilis  (Pursh)  Steud.  31148 
Koeleria  macrantha  (Ledeb.)  Spreng.  30692 
Leptoloma  cognatum  (Schult.)  Chase  30935 
Panicum  virgatum  L.  30936 
Phalaris  arundinacea  L.  30937 
*Phleum  pratense  L.  30938 
*Poa  compressa  L.  30695 
*Poa  pratensis  L.  30694 
Schizachyrium  scoparium  (Michx.)  Nash 

31044 

*Setaria  faberi  Herrm.  31154 
Spartina  pectinata  Link  30939 
Sporobolus  heterolepis  (Gray)  Gray  31151 
Sorghastrum  nutans  (L.)  Nash  31150 
Stipa  spartea  Trin.  30696 

DICOTS 

Apiaceae 

Eryngium  yuccifolium  Michx.  30940 
Polytaenia  nuttallii  DC.  30697 
Sanicula  canadensis  L.  30941 
Thaspium  trifoliatum  (L.)  Gray  30592 
Zizia  aptera  (Gray)  Fern.  31155 

Apocynaceae 

Apocynum  cannabinum  L.  30942 

Asclepiadaceae 
Asclepias  syriaca  L.  30957 
Asclepias  verticillata  L.  30958 

Asteraceae 

*  Achillea  millefolium  L.  20698 
Ambrosia  artemisiifolia  L.  31045 
Ambrosia  psilostachya  DC.  31046 
Ambrosia  trifida  L.  31156 
Antennaria  neglecta  Greene  3 1 304 
Antennaria  plantaginifolia  (L.)  Richards. 
30699 

Artemisia  campestris  L.  30943 
Aster  ericoides  L.  31139 
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Aster  laevis  L.  31138 
Aster  pilosus  Willd.  31158 
Aster  praealtus  Poir.  31157 
Aster  sericeus  Vent.  31140 
Boltonia  asteroides  (L.)  L'Her.  31159 
Cirsium  discolor  (Muhl.)  Spreng.  31160 
Conyza  canadensis  (L.)  Cronq.  31047 
Coreopsis  palmata  Nutt.  30944 
Echinacea  pallida  Nutt.  30945 
Erigeron  strigosus  Muhl.  30700 
Eupatorium  altissimum  L.  31048 
Euthamia  gymnospermoides  Greene  31049 
Helianthus  grosseserratus  Martens  30946 
Helianthus  occidentalis  Riddell  30947 
Helianthus  rigidus  (Cass)  Desf.  31051 
Heterotheca  camporum  (Greene)  Shinners 
30701 

Hieracium  longipilum  Torr.  31050 
Lactuca  canadensis  L.  30948 
Liatris  aspera  Michx.  31141 
Liatris  pycnostachya  Michx.  30949 
Parthenium  integrifolium  L.  30950 
Ratibida  pinnata  (Vent.)  Barnh.  30951 
Rudbeckia  subtomentosa  Pursh  30952 
Senecio  plattensis  Nutt.  30702 
Silphium  integrifolium  Michx.  30953 
Solidago  missouriensis  Nutt.  30954 
Solidago  nemoralis  Ait.  31142 
Solidago  rigida  L.  31161 
Solidago  speciosa  Nutt.  31052 
*Tragopogon  pratensis  L.  30703 
V ernonia  fasciculata  Michx.  30956 

Boraginaceae 

Lithospermum  canescens  (Michx.)  Lehm. 
30593 

Lithospermum  caroliniense  (J.F.  Gmel.) 
MacM.  30704 

Brassicaceae 

Descurainia  pinnata  (Walt.)  Britt.  31306 
*Lepidium  densiflorum  Schrad.  30705 

Campanulaceae 

Campanula  aparinoides  Pursh  31053 
Lobelia  spicata  Lam.  30706 

Caryophyllaceae 
*  Lychnis  alba  Mill.  30707 
Silene  antirrhina  L.  31342 
Silene  stellata  (L.)  Ait.f.  30959 

Chenopodiaceae 
*Chenopodium  album  L.  30960 
Chenopodium  desiccatum  A.  Nels.  31054 


Convolvulaceae 

Calystegia  sepium  (L.)  R.  Br.  30961 
Cornaceae 

Cornus  obliqua  Raf.  30962 
Cuscutaceae 

Cuscuta  gronovii  Willd.  30963 
Euphorbiaceae 

Euphorbia  corollata  L.  30964 
Fabaceae 

Amorpha  canescens  Pursh  30965 
Baptisia  lactea  (Raf.)  Thieret  30966 
Baptisia  leucophaea  Nutt.  30594 
Dalea  Candida  (Michx.)  Willd.  30967 
Dalea  purpurea  Vent.  30968 
Desmodium  canadense  (L.)  DC.  31162 
Desmodium  illinoense  Gray  30969 
Lespedeza  capitata  Michx.  31143 
*Medicago  lupulina  L.  30708 
*Melilotus  alba  Medic.  31055 
Tephrosia  virginiana  (L.)  Pers.  30970 
*Trifoloium  pratense  L.  30709 

Gentianaceae 

Gentiana  andrewsii  Griesb.  31163 
Gentiana  puberulenta  A.  Davids.  31144 

Lamiaceae 

Lycopus  americanus  Muhl.  30971 
Lycopus  virginicus  L.  31056 
Monarda  fistulosa  L.  30972 
*Nepeta  cat  aria  L.  30973 
Pycnanthemum  virginianum  (L.)  Dur.  & 
’  Jacks.  30974 

Scutellaria  leonardii  Epling  31343 
Stachys  palustris  L.  30975 
Teucrium  canadense  L.  31164 

Nyctaginaceae 

*Mirabilis  nyctaginea  (Michx.)  MacM. 
30976 

Onagraceae 

Oenothera  biennis  L.  30977 
Oenothera  rhombipetala  Nutt.  31 145 

Oxalidaceae 

Oxalis  dillenii  Jacq.  31057 
Oxalis  violacea  L.  30595 

Polemoniaceae 
Phlox  bifida  Beck  31307 
Phlox  pilosa  L.  31146 


263 


Polygonaceae 

Polygonum  amphibium  L.  31165 
Polygonum  pensylvanicum  L.  31058 
Rumex  altissimus  Wood.  30978 

Primulaceae 

Lysimachia  lanceolata  Walt.  31059 
Ranunculaceae 

Anemone  canadensis  L.  30710 
Anemone  cylindrica  Gray  30980 
Thalictrum  revolutum  DC.  3071 1 

Rhamnaceae 

Ceanothus  americanus  L.  30979 
Rosaceae 

Fragaria  virginiana  Duchesne  3 1 344 
Potentilla  arguta  Pursh  3098 1 
*  Potentilla  norvegica  L.  31060 
Potentilla  simplex  Michx.  30712 
Prunus  serotina  L.  31061 
Prunus  virginiana  L.  31062 
Rosa  Carolina  L.  307 1 3 
Rubus  allegheniensis  Porter  30715 
Rubus  occidentalis  L.  30714 
Spiraea  alba  DuRoi  30982 

Rubiaceae 

Galium  aparine  L.  30716 
Galium  obtusum  Bigel.  30983 

Salicaceae 

Populus  deltoides  Marsh.  31166 
Salix  humilis  Marsh.  30984 


Santalaceae 

Comandra  umbellata  (L.)  Nutt.  30596 
Saxifragaceae 

Heuchera  richardsonii  R.  Br.  30717 

Scrophulariaceae 
Pedicularis  canadensis  L.  30597 
Penstemon  pallidus  Small  30718 
V eronicastrum  virginicum  (L.)  Farw.  30985 
*Verbascum  thapsus  L.  30986 

Solanaceae 

Physalis  heterophylla  Nees  30988 
Physalis  subglabrata  Mack.  &  Bush  30987 
Solanum  carolinense  L.  30989 

Ulmaceae 

*Ulmus  pumula  L.  31064 
Urticaceae 

Parietaria  pensylvanica  Muhl.  31063 
Verbenaceae 

Verbena  bracteata  Lag.  &  Rodr.  30990 
Verbena  hastata  L.  30992 
Verbena  stricta  Vent.  30991 

Violaceae 

Viola  lanceolata  L.  31308 
Viola  pedatifida  G.  Don  30598 
Viola  sagittata  Ait.  31065 

Vitaceae 

Parthenocissus  quinquefolia  (L.)  Planch. 
31066 

Vitis  vulpina  L.  30719 
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ABSTRACT 

Waterworks  Glacial  Drift  Hill  Prairie  in  east-central  Illinois  was  surveyed  and  the  fre¬ 
quency,  cover,  relative  values,  and  importance  value  of  the  ground  layer  vascular  plants 
determined.  The  results  were  compared  to  a  previous  study  conducted  25  years  ago.  The 
site  was  dominated  by  Sorghastrum  nutans  (L.)  Nash  (Indian  grass),  while  the  common 
forbs  included  Liatris  aspera  Michx.  (Rough  blazing  star),  Solidago  nemoralis  Ait.  (Gray 
goldenrod),  Antennaria  neglecta  Greene  (Field  pussytoes),  Helianthus  divaricatus  L. 
(Woodland  sunflower),  Eupatorium  altissimum  L.  (Tall  thorough  wort),  and  Asclepias 
verticillata  L.  (Whorled  milkweed).  After  25  years  without  disturbance  or  management, 
the  prairie  was  greatly  reduced  in  size,  probably  a  result  of  the  increased  shading  due  to 
the  principle  woody  invaders  Cornus  drummundii  C.A.  Mey  (Roughleaf  dogwood),  and 
Prunus  serotina  Ehrh  (Black  cherry).  The  edge  of  the  prairie  was  dominated  by  Cornus 
florida  L.  (Flowering  dogwood)  and  the  non-native  Elaeagnus  umbellata  Thunb. 
(Autumn  olive).  Cutting,  combined  with  prescribed  burning,  is  recommended  to  increase 
the  size  of  the  hill  prairie. 


INTRODUCTION 

Glacial  drift  hill  prairies  are  relatively  short-lived  plant  communities  occurring  on  glacial 
till  that  does  not  have  a  mantle  of  loess  (Robertson  et  al.,  1996).  These  small  inclusions 
of  prairie  forbs  and  grasses  are  mostly  less  than  lha  in  size  and  located  on  steep  south  to 
southwest  facing  slopes. 

Glacial  drift  hill  prairies  are  a  relatively  rare  community  type  in  east-central  Illinois  due 
to  woody  encroachment.  A  re-survey  of  a  study  by  Vestal  (1918)  of  glacial  drift  hill  prai¬ 
rie  openings  along  the  Embarras  River  in  Coles  County,  Reeves  et  al.  (1978)  found  that 
the  total  number  of  prairie  openings  had  been  reduced  from  10  in  1918  to  only  three  in 
1978.  This  study  documents  a  trend  associated  with  encroachment  of  woody  species  onto 
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the  waterworks  hill  prairie  remnant,  and  the  ultimate  impact  this  encroachment  had  on 
prairie  species  integrity  and  composition. 

DESCRIPTION  OF  STUDY  AREA 

Waterworks  Hill  Prairie  is  located  on  the  eastern  city  limits  of  Charleston,  Coles  County, 
Illinois  (Sect.  24  T12N  R9E)  on  a  steep,  southwest  facing  hillside  above  an  intermittent 
stream  that  enters  Lake  Charleston  about  one  half  mile  to  the  east  (Ebinger  1981).  Pres¬ 
ently,  the  prairie  measures  about  20  m  long  and  14  m  wide,  and  is  surrounded  by  imma¬ 
ture  second  growth  forest  composed  of  mainly  Quercus  alba  L.  (White  oak),  Q.  velutina 
Lam.  (Black  oak),  Cornus  florida  L.,  and  Cercis  canadensis  L.(Redbud)  (Ebinger  1981). 
A  few  individuals  of  Prunus  serotina  Ehrh.,  Juniperus  virginiana  L.  (Eastern  red  cedar), 
and  Corylus  americana  Walt.  (American  hazelnut)  are  scattered  throughout  the  prairie. 

The  soils  of  the  Waterworks  Hill  Prairie  are  Miami  Loam  associated  with  thirty  to  sixty 
percent  slopes  (Hamilton  1993).  This  very  steep,  well-drained  soil  is  on  unevenly  sided 
slopes  in  uplands  adjacent  to  floodplains.  Erosion  of  Miami  type  soils  is  relatively  high 
when  not  controlled  by  woodland  vegetation. 

MATERIALS  AND  METHODS 

Ground  layer  species  were  analyzed  in  early  September  using  V*  m2  quadrats  located  at 
each  meter  along  a  randomly  located  25m  long  transect  that  was  oriented  perpendicular 
to  the  slope,  even-numbered  quadrats  to  the  right,  odd-numbered  quadrats  to  the  left. 
Species  cover  was  determined  using  Daubenmire  (1959)  cover  classes  as  modified  by 
Bailey  and  Poulton  (1968).  Bare  ground  cover  was  also  determined.  The  modified 
Daubenmire  cover  scale  is  as  follows:  class  1  =0-1%;  class  2  =  1-5%;  class  3  =  5-25%; 
class  4  =  25-50%;  class  5  =50-75%;  class  6  =  75-95%;  class  7  =  95-100%.  Frequency 
(%),  relative  frequency,  cover,  relative  cover,  and  importance  value  (IV)  of  each  species 
was  determined.  As  used  here  the  IV  is  the  sum  of  the  relative  frequency  and  relative 
cover.  Nomenclature  follows  Mohlenbrock  (1986). 

RESULTS 

Within  the  plots  35  vascular  plant  species  were  recorded.  The  dominant  grass  was  Sor- 
ghastrum  nutans  (L.)  Nash  with  an  IV  of  37.67  (Table  1).  This  species  was  the  only 
native  grass  species  found  in  the  plots.  The  common  forbs  were  Solidago  nemoralis  Ait. 
(IV  of  19.78),  Liatris  aspera  Michx.  (IV  of  18.18),  Antennaria  neglecta  Greene  (IV  of 
9.57),  and  Helianthus  divaricatus  L.  (IV  of  8.8).  Nearly  all  of  the  21  species  of  forbs 
encountered  in  the  plots  were  native  prairie  perennials,  only  a  few  exotic  species  were 
found. 

Presently,  the  hill  prairie  opening  is  about  20  m  long  by  14  m  wide  (280m2).  In  an  earlier 
study  Ebinger  (1981)  reported  the  prairie  was  28  m  long  by  21  m  wide  (588  m2),  a  reduc¬ 
tion  of  near  50%.  Woody  encroachment  onto  the  prairie  is  evident.  Not  only  had  the  prai¬ 
rie  decreased  in  size  since  the  last  survey,  but  numerous  woody  seedlings  were  also  pre¬ 
sent.  Seedlings  and  small  plants  of  five  native  tree  species  were  found  in  the  plots,  with 
Prunus  serotina  Ehrh.  (IV  of  18.74)  being  the  most  important.  Native  prairie  shrubs  were 
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also  common  with  Cornus  drummundii  C.A.  Mey.,  Rosa  Carolina  L.  (Carolina  rose)  and 
Ceanothus  americanus  L.  (New  jersey  tea)  being  present  (Table  1). 

DISCUSSION 

The  Waterworks  Glacial  Drift  Hill  Prairie  has  decreased  in  size  by  nearly  50%  since 
1978,  when  studied  by  Ebinger  (1981).  This  reduction,  due  to  woody  species  encroach¬ 
ment,  is  similar  to  results  found  by  McClain  and  Anderson  (1990)  for  loess  hill  prairies  in 
western  Illinois.  McClain  and  Anderson  found  that  the  conversion  from  prairie  to  young 
forest  or  shrub  community  is  complete  within  15  to  20  years  from  the  onset  of  woody 
plant  invasion. 

Of  the  woody  species  encountered  within  the  hill  prairie  most  were  trees  from  the  sur¬ 
rounding  forest.  In  the  area  just  adjacent  to  the  remaining  prairie,  two  of  the  principal 
invaders  were  Cornus  florida  L.  and  the  non-native  Elaeagnus  umbellata  Thunb.  Both 
species  that  are  bird  dispersed.  While  not  common  on  the  prairie,  these  species  were  prin¬ 
cipal  components  of  the  prairie  edge. 

In  a  1989  survey  of  this  site,  Euonymus  alatus  Jacq.  (Winged  burning  bush)  was  found  to 
be  a  dominant  species  averaging  13,100  stems/ha,  and  found  in  all  plots  examined 
(Behnke  and  Ebinger  1989).  Of  the  invading  woody  species  in  this  survey,  E.  alatus  was 
not  found  in  any  plots,  or  visually  seen  on  the  hill  prairie  remnant.  However,  individuals 
of  E.  alatus  were  seen  in  low  frequency  in  the  woodland  bordering  the  Waterworks  Hill 
Prairie,  and  in  very  concentrated  and  high  frequency  in  the  ravine  below  the  site.  This 
dramatic  change  in  frequency  could  be  attributed  to  the  hydric  nature  of  the  species  and 
the  present  xeric  conditions  of  the  site,  thus  allowing  the  present  prairie  area  to  fend  off 
invasion. 

The  data  collected  from  our  study  showed,  just  as  found  by  Ebinger  (1981),  there  has 
been,  and  still  is,  a  dramatic  trend  toward  encroachment  by  forest  taxa  on  the  hill  prairie. 
In  the  current  study  two  woodland  species  Prunus  serotina  Ehrh.  and  Cornus  drum- 
mondii  Meyer  were  found  to  exhibit  relatively  high  importance  values.  Furthermore,  sev¬ 
eral  Desmodium  Desv.  species  and  Lonicera  prolifera  (Kirchn.)  Rhed.  (Grape  honey¬ 
suckle),  both  woodland  species  represented  in  the  current  study  were  not  found  by  Ebin¬ 
ger  (1981).  These  species  are  undoubtedly  appearing  due  to  encroachment  and  shading  of 
the  former  prairie  area.  The  present  species  composition  of  this  hill  prairie  is  very  similar 
to  that  found  by  Ebinger  (1981). 

A  more  weedy  and  problematic  species  found  in  the  survey  is  Melilotus  alba  Medic. 
(White  sweetclover).  This  exotic  was  found  in  only  one  quadrat,  and  visually  seen  to  be 
in  very  low  frequency  and  not  a  major  component  of  the  site  as  a  whole.  In  contrast, 
Ebinger  (1981)  found  that  this  species  averaged  8  stems  per  m2.  This  could  be  due  to  a 
variety  of  factors,  but  probably  can  be  attributed  to  the  biennial  nature  of  the  species. 

Future  management  of  the  Waterworks  Glacial  Drift  Hill  Prairie  should  be  directed 
toward  enlarging  the  site  at  least  to  the  size  measured  in  Ebinger  (1981).  Efforts  should 
be  made  to  remove  all  exotics  from  the  site,  could  use  a  cut  stump  herbicide  treatment 
method.  After  initial  clearing  of  the  site,  it  is  recommended  to  introduce  prescribed  fire  in 
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order  to  stimulate  the  seedbank  and  recolonize  former  areas  of  hill  prairie  that  have  been 
invaded  by  forest  taxa. 


LITERATURE  CITED 

Bailey,  A.W.  and  C.E.  Poulton.  1968.  Plant  communities  and  environmental  relationships  in  a  por¬ 
tion  of  the  Tillamook  burn,  northwestern  Oregon.  Ecology  49: 1-13. 

Behnke,  G.  and  J.E.  Ebinger.  1989.  Woody  invasion  of  glacial  drift  hill  prairies  in  east-central  Illi¬ 
nois.  Transactions  of  the  Illinois  Academy  of  Science  82,  1  and  2:  1-4. 

Daubenmire,  R.  1959.  A  canopy  coverage  method  of  vegetation  analysis.  Northwest  Science  33:43- 
64. 

Ebinger,  J.E.  1981.  Vegetation  of  glacial  drift  hill  prairies  in  east-central  Illinois.  Castanea  46:  1 15- 
121. 

Hamilton,  G.  1993.  Soil  Survey  of  Coles  County,  Illinois.  United  States  Department  of  Agriculture, 
Soil  Conservation  Service  and  Illinois  Agricultural  Experimental  Station,  Washington,  D.C. 

McClain,  W.E.  and  E.A.  Anderson.  1990.  Loss  of  hill  prairie  through  woody  plant  invasion  at  Pere 
Marquette  State  Park,  Jersey  County,  Illinois.  Natural  Areas  Journal  10:  69-75. 

Mohlenbrock,  R.H.  1986.  Guide  to  the  vascular  flora  of  Illinois,  revised  and  enlarged  edition. 
Southern  Illinois  University  Press,  Carbondale  and  Edwardsville. 

Reeves,  J.T.,  U.D.  Zimmerman,  and  J.E.  Ebinger.  1978.  Microclimatic  and  soil  differences  between 
hill  prairies  and  adjacent  forests  in  east-central  Illinois.  Transactions  of  the  Illinois  Academy  of 
Science  71:  156-164. 

Robertson,  K.R.,  M.W.  Schwartz,  J.W.  Olson,  B.K.  Dunphy,  and  H.D.  Clarke.  1996.  50  years  of 
change  in  Illinois  hill  prairies.  Erigenia  14:  41-52. 

Vestal,  A.G.  1918.  Local  inclusions  of  prairie  within  forest.  Transactions  of  the  Illinois  State  Acad¬ 
emy  of  Science  11:  122-126  +3pls. 


269 


Table  l.Mean  cover,  frequency  (%),  relative  values  and  importance  value  (IV)  for  the 
species  commonly  found  on  Waterworks  Glacial  Drift  Hill  Prairie,  Coles 
County,  Illinois.  *  =  non-native  taxon 


SPECIES 

Mean 

Cover 

Relative 

Cover 

Frequency 

Relative 

Frequency 

IV 

Sorghastrum  nutans 

8.58 

28.18 

52 

9.49 

37.67 

Solidago  nemoralis 

4.02 

13.21 

36 

6.57 

19.78 

Prunus  serotina 

3.26 

10.71 

44 

8.03 

18.74 

Liatris  aspera 

2.58 

6.5 

64 

11.68 

18.18 

Cornus  drummondii 

1.60 

5.26 

28 

5.1 

10.36 

Antennaria  neglecta 

1.58 

5.19 

24 

4.38 

9.57 

Helianthus  divaricatus 

0.68 

2.23 

36 

6.57 

8.8 

Eupatorium  altissimum 

0.72 

4.34 

12 

2.19 

6.53 

Rosa  Carolina 

0.88 

2.87 

20 

3.65 

6.52 

Asclepias  verticillata 

1.52 

4.99 

8 

1.46 

6.45 

Euphorbia  corollata 

0.42 

1.38 

24 

4.38 

5.76 

Lithospermum  canecens 

0.86 

2.83 

16 

2.92 

5.75 

Silphium  terebinthinaceum 

0.32 

1.05 

24 

4.38 

5.43 

Ceanothus  americanus 

0.84 

2.76 

12 

2.19 

4.95 

Quercus  rubra 

0.62 

2.04 

8 

1.46 

3.5 

Galium  circaezans 

0.62 

2.04 

8 

1.46 

3.5 

Porteranthus  stipulatus 

0.08 

0.26 

16 

2.92 

3.18 

Polygala  senega 

0.16 

0.53 

12 

2.19 

2.72 

Desmodium  rotundifolium 

0.26 

0.46 

12 

2.19 

2.65 

Vitis  aestivalis 

0.06 

0.2 

12 

2.19 

2.39 

Physostegia  virginiana 

0.06 

0.2 

12 

2.19 

2.39 

Poa  compressa* 

0.14 

0.46 

8 

1.46 

1.92 

Quercus  alba 

0.04 

0.13 

8 

1.46 

1.59 

Desmodium  glutinosum 

0.04 

0.13 

8 

1.46 

1.59 

Baptisia  leucantha 

0.12 

0.39 

4 

0.73 

1.12 

Lespedeza  virginica 

0.12 

0.39 

4 

0.73 

1.12 

Lonicera  prolifera 

0.12 

0.39 

4 

0.73 

1.12 

Solidago  ulmifolia 

0.12 

0.39 

4 

0.73 

1.12 

Others' 

0.14 

0.49 

28 

5.11 

5.6 

Totals 

Average  Bare  Ground 

30.46 

69.54 

100 

- 

100 

200 

1  Aster  pilosus,  Cercis  canadensis ,  Elaeagnus  umbellata*,  Juniperus  virginiana ,  Melilo- 
tus  alba *,  Solidago  canadensis ,  Toxicodendron  radicans. 
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ABSTRACT 

The  vascular  flora  of  Momence  Wetlands,  Kankakee  County,  Illinois,  was  studied  during 
the  1998  -  1999  growing  seasons.  A  total  of  385  taxa  were  found:  6  ferns  and  fern-allies, 
89  monocots,  and  290  dicots.  Families  with  the  largest  number  of  taxa  included  the  aster 
family  (Asteraceae)  with  59  taxa,  grass  family  (Poaceae)  44  taxa,  and  sedge  family 
(Cyperaceae)  26  taxa,  of  which  17  were  members  of  the  sedge  genus  {Car ex).  This  is  the 
northern-most  location  in  Illinois  for  four  taxa  generally  associated  with  swamps  in 
southern  Illinois:  swamp  cottonwood  {Populus  heterophylla),  pumpkin  ash  {Fraxinus 
profunda  ),  climbing  hempweed  {Mikania  scandens  ),  and  the  state  threatened  American 
storax  ( Styrax  americana ).  Three  forest  communities  (wet  floodplain,  wet-mesic  flood- 
plain,  dry-mesic  upland)  were  surveyed,  and  density  (stems/ha),  basal  area  (nr/ha), 
importance  value,  and  average  diameter  were  determined  for  each  overstory  species.  Wet 
floodplain  forest  was  dominated  by  silver  maple  {Acer  saccharinum  );  wet-mesic  flood- 
plain  forest  by  swamp  white  oak  {Quercus  bicolor ),  pin  oak  {Quercus  palustris),  Ameri¬ 
can  elm  {Ulmus  americana),  and  red/green  ash  {Fraxinus  pennsylvanica );  and  dry-mesic 
upland  forest  by  black  oak  {Quercus  velutina)  and  white  oak  {Quercus  alba).  A  wet- 
mesic  prairie  remnant  dominated  by  northern  dewberry  {Rubus  flagellaris),  downy  sun¬ 
flower  {Helianthus  mollis),  big  bluestem  {Andropogon  gerardii),  and  tall  goldenrod 
{Solidago  canadensis)  was  also  surveyed. 


INTRODUCTION 

The  Momence  Wetlands  (MW)  study  area  consists  of  two  sites,  Momence  Wetlands 
Nature  Preserve  (MWNP)  and  Momence  Wetlands  Land  and  Water  Reserve  (MWLWR). 
MW  is  located  in  eastern  Kankakee  County,  Illinois,  in  and  along  the  Kankakee  River 
within  three  miles  of  the  Illinois/Indiana  border.  MWNP  and  MWLWR  are  owned  by  the 
Illinois  Department  of  Natural  Resources.  The  MWNP  is  located  5  miles  east  of 
Momence,  Illinois,  in  a  bend  of  the  Kankakee  River  channel  (T  3 IN,  R  14E,  SE1/4  Sec¬ 
tion  13  and  NE1/4  Section  24).  This  preserve,  29.2  ha  (72  acres)  in  size,  contains  the  best 
remaining  example  of  wet-mesic  floodplain  forest  in  the  Kankakee  River  drainage  region. 
MWLWR,  210.2  ha  (519  acres)  in  size,  is  located  in  and  along  the  Kankakee  River  about 
1.5  mile  west  of  MWNP  (T  31N,  R  14E,  Sl/2  Section  15,  Sl/2  Section  16,  NE1/4  Sec- 
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tion  16,  NE1/4  Section  21  and  Nl/2  Section  22).  No  previous  studies  have  been  pub¬ 
lished  on  the  vascular  flora  of  these  areas. 

MWNP  was  dedicated  as  a  nature  preserve  in  1988,  and  MWLWR  was  registered  as  a 
Land  and  Water  Reserve  in  1998  (Horn  1998).  Although  subjected  to  some  disturbances, 
particularly  logging  (some  within  the  past  15  years),  both  areas  have  a  relatively  high 
diversity  of  plant  and  animal  life.  This  study  was  undertaken  to  document  the  vascular 
flora  of  MWNP  and  MWLWR  and  to  determine  composition  and  structure  of  the  natural 
plant  communities. 


MATERIALS  AND  METHODS 

At  various  times  throughout  the  growing  seasons,  from  mid-summer  of  1998  through  late 
fall  of  1999,  field  trips  were  made  to  the  MW.  During  each  trip  voucher  specimens  were 
collected,  habitat  data  for  each  taxon  determined,  and  plant  communities  delineated.  The 
material  collected  was  identified  and  deposited  in  the  herbarium  of  the  Illinois  Natural 
History  Survey  (ILLS),  Champaign,  Illinois.  Categorizing  native  versus  non-native  taxa 
followed  Fernald  (1950),  Steyermark  (1963),  Mohlenbrock  (1986),  and  Gleason  and 
Cronquist  (1991)  publications. 

During  the  summer  of  1998,  a  3.125  ha  (125  m  x  250  m)  section  was  located  within  the 
wet-mesic  floodplain  forest  community  at  the  MWNP,  and  a  1  ha  (100  m  x  100  m)  sec¬ 
tion  was  located  in  each  of  the  three  forest  communities  at  the  MWLWR  (wet  floodplain 
forest,  wet-mesic  floodplain  forest,  and  dry-mesic  upland  forest).  Each  section  was 
divided  into  25  m  x  25  m  quadrats  for  ease  in  sampling  the  woody  overstory.  In  each 
quadrat,  all  living  and  dead-standing  woody  individuals  of  10  cm  dbh  (diameter  at  breast 
height,  1.4  meter  above  the  ground)  and  above  were  identified  and  their  diameters 
recorded.  From  these  data,  density  (stems/ha),  basal  area  (m2/ha),  relative  density,  rela¬ 
tive  dominance,  importance  value  (IV),  and  average  diameter  (cm)  were  calculated  for 
each  species.  Determination  of  the  IV  follows  the  procedure  used  by  McIntosh  (1957), 
and  is  the  sum  of  the  relative  density  and  relative  dominance  of  a  given  species.  Density 
(stems/ha)  of  woody  understory  species  was  determined  using  10  to  20  nested  circular 
plots  (0.0001,  0.001,  and  0.01  ha)  per  section,  randomly  located  along  transects  through 
the  study  areas.  Four  additional  0.0001  ha  circular  plots  were  located  6  m  from  each 
center  along  the  cardinal  compass  directions.  In  0.0001  ha  circular  plots,  tree  seedlings 
(<50  cm  tall)  and  all  shrubs  were  counted.  In  0.001  ha  circular  plots,  small  saplings  (>50 
cm  tall  and  <2.5  cm  dbh)  were  counted,  and  in  0.01  ha  circular  plots  large  saplings  (2.5- 
9.9  cm  dbh)  were  counted.  Nomenclature  follows  Mohlenbrock  (1986)  and/or  Gleason 
and  Cronquist  (1991). 

Ground  layer  species  (including  woody  species  <0.5  m  tall)  of  the  small  wet-mesic  prai¬ 
rie  remnant  were  scrutinized  using  0.5  m  x  0.5  m  quadrats  located  at  each  meter  mark 
along  an  east/west  50  m  transect.  Quadrats  were  located  right  (odd-numbered  meters)  or 
left  (even-numbered  meters)  from  the  transect;  distance  was  determined  using  a  random 
numbers  table  (single  digit).  The  cover  of  each  species  rooted  in  a  quadrat  was  deter¬ 
mined  using  Daubenmire  (1959)  cover  classes  as  modified  by  Bailey  and  Poulton  (1968) 
(class  1  =  0  to  1%,  class  2  =  >1  to  5%,  class  3  =  >5  to  25%,  class  4  =  >25  to  50%,  class  5 
=  >50  to  75%,  class  6  =  >75  to  95%,  class  7  =  >95  to  100%).  From  these  data,  cover  (%), 
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relative  cover,  frequency  (%),  relative  frequency,  and  importance  value  of  each  species 
were  calculated. 

The  Floristic  Quality  Index  (FQI)  was  determined  for  the  nature  preserve  (MWNP)  and 
each  natural  community  using  the  Coefficient  of  Conservation  (C)  assigned  to  each  spe¬ 
cies  according  to  Taft  et  al.  (1997).  The  Index  provides  a  measure  of  the  floristic  integrity 
or  level  of  disturbance  of  a  site.  As  used  here,  the  FQI  is  a  weighted  index  of  species 
richness  (N),  and  is  the  arithmetic  product  of  the  mean  C,  multiplied  by  the  square-root  of 
the  species  richness  (  Vn  )  of  an  inventory  site  [FQI  =  mean  C(  Vn  )]. 

DESCRIPTION  OF  THE  STUDY  AREA 

The  study  areas  lie  within  the  Kankakee  Sand  Area  Section  of  the  Grand  Prairie  Division 
(Schwegman  et  al.  1973).  The  Kankakee  Sand  Area  Section  was  formed  approximately 
14,000  years  ago  during  the  Kankakee  Torrent  when  incising  of  the  Illinois  River  Valley 
drained  the  large  glacial  lakes  of  this  area  (William  and  Frye  1970).  The  MW  are  in  and 
along  the  Kankakee  River,  a  slow  naturally  meandering  river  that  dissects  part  of  the 
Wisconsin  Till  Plain,  and  drains  about  721,062  ha  (1,780,400  acres)  of  land  in  Illinois 
and  adjacent  northwestern  Indiana  (Suloway  and  Hubbell  1994,  Indiana  Division  of 
Water,  personal  communication).  The  1,010  ha  (2,500  acres)  MW  complex  is  the  last 
vestige  of  the  Grand  Kankakee  Marsh  in  Illinois.  The  Grand  Kankakee  Marsh  once 
encompassed  nearly  403,715  ha  (1,000,000  acres)  extending  on  both  sides  of  the 
Kankakee  River  in  Illinois  and  Indiana  (Bridges  1934).  The  six  mile  stretch  of  the 
Kankakee  River  from  Momence,  Illinois,  to  the  Indiana  state  line  is  the  most  natural 
segment  of  the  Kankakee  valley  that  remains  (Horn  1998).  Here,  the  MW  are  recognized 
by  the  Biological  Stream  Characterization  as  one  of  Illinois’  finest  water  resources  and 
contains  outstanding  biological  features.  Also,  the  Illinois  Natural  Areas  Inventory 
(INAI)  identified  the  Kankakee  River  as  a  high  quality  system.  The  soils  of  the  study 
areas  are  alluvial  deposits,  primarily  Gilford  fine  sandy  loam,  wet.  This  soil  is  found  in 
areas  which  are  nearly  level  to  depressional  and  subject  to  frequent  flooding  or  ponding 
(Paschke  1979). 

The  Kankakee  River  traversed  east/ west  through  the  center  of  Momence  Township  (T 
3 IN,  R  14E)  and  contained  numerous  islands.  About  half  of  the  Government  Land  Office 
survey  notes  for  this  area  are  not  legible  (Public  Land  Survey  1834).  However,  enough 
can  be  read  to  give  a  fairly  good  idea  of  the  vegetation.  South  of  the  river  was  mostly 
“level  wet  prairie  unfit  for  cultivation”  and  extensive  shallow  ponds  that  were  rarely 
more  than  a  few  feet  deep.  A  small  forested  area,  less  than  one  square  mile  in  size  and 
dominated  by  black  and  white  oaks,  occurred  on  slightly  higher  ground  near  the  river’s 
edge.  The  islands  were  described  as  being  mostly  covered  with  water  and  “thickly  set 
with  swamp  [probably  silver]  maple  and  birch”;  bur  oak  ( Quercus  macrocarpa)  and  ash 
were  occasionally  mentioned,  as  was  spice  [probably  spicebush  ( Lindera  benzoin )]  in  the 
understory.  The  land  at  the  river’s  edge  was  described  as  “rich  bottom  too  wet  for  culti¬ 
vation,  subject  to  occasional  inundation  of  about  4  feet  as  appears  by  the  water  marks  on 
the  trees”.  North  of  the  river,  prairie  dominated,  mostly  “wet  level  prairie,  soil  unfit  for 
cultivation;”  and  some  extensive  ponds  covering  more  than  two  square  miles  were  also 
found,  as  were  higher,  dry  prairies  “fit  for  cultivation.”  Forested  areas  were  more  com¬ 
mon  along  the  northern  edge  of  the  river  channel  and  a  few  groves  occurred  back  from 
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the  river.  The  dominant  trees  described  were  black  oak  ( Quercus  velutina),  white  oak 
( Quercus  alba),  red  oak  ( Quercus  rubra),  and  bur  oak,  with  no  undergrowth  other  than 
hazel  ( Corylus  americana)  occasionally  mentioned.  Characteristic  sand  savanna  and  sand 
prairie  vegetation  prevailed  on  higher  sandy  grounds  (King  1981). 

The  study  areas  are  nearly  level  and  small  changes  in  elevation  were  responsible  for  dra¬ 
matic  changes  in  species  composition  and  forest  structure.  Within  the  MW  study  area, 
there  were  extensive  low  depressions  (sloughs)  created  by  naturally  cut-off  river  chan¬ 
nels,  wet  floodplains,  wet-mesic  floodplains  that  were  <1  m  above  the  wet  floodplains, 
and  upland  terraces  that  were  3  to  5  m  above  the  wet  floodplains.  Elevation  varied  from 
188  m  at  the  rivers  edge  to  194  m  above  sea  level  on  the  terraces. 

In  this  survey,  six  natural  plant  communities  were  recognized  within  the  MW  study  area. 
The  cultural  communities  were  represented  by  successional  fields,  levees,  roadsides,  and 
abandoned  railroad  right-of-ways.  Three  natural  wetland  communities  were  present:  a 
narrow  extensive  network  of  shrub  swamps/marshes,  extensive  wet  floodplain  forest,  and 
less  extensive  scattered  wet-mesic  floodplain  forest.  Two  natural  upland  communities 
were  present:  a  slightly  elevated  dry-mesic  upland  forest  bordering  the  northeast  side  of 
MWLWR  and  a  small  wet-mesic  prairie  remnant  along  a  railroad  right-of-way. 

The  climate  of  east-central  Illinois  is  continental  with  cool  winters,  hot  summers,  and 
little  or  no  water  deficit  in  any  season  of  the  year  (Page  1949,  Fehrenbacher  et  al.  1967, 
Schwegman  et  al.  1973).  In  Lowell,  Indiana  (19  km  to  the  northeast)  the  Midwestern 
Regional  Climate  Center  (2002)  reports,  historical  climate  data  from  1971  to  2000,  the 
mean  annual  precipitation  is  102.6  cm,  with  the  month  of  June  having  the  highest  rainfall 
(12.2  cm).  Mean  annual  temperature  in  Lowell  is  9.3°C  with  the  hottest  month  being  July 
(average  of  22.6°C)  and  the  coldest  January  (average  of  -6.1°C).  The  number  of  frost  free 
days  ranges  from  136  to  188,  with  the  average  of  159  days. 

RESULTS  AND  DISCUSSION 

Vascular  Plant  Species  Present 

The  documented  flora  in  the  MW  consisted  of  385  species  and  subspecific  taxa  within 
243  genera  and  87  families.  Of  these  taxa,  58  (15.1%)  were  not  native  to  Illinois.  Pteri- 
dophytes  were  poorly  represented  at  MW,  accounting  for  only  6  taxa  (2%  of  all  taxa) 
while  Spermatophytes  accounted  for  the  remainder.  Among  the  Spermatophytes,  mono¬ 
cots  accounted  for  89  taxa  in  48  genera  and  13  families  (23%  of  all  taxa),  while  dicots 
accounted  for  290  taxa  in  189  genera  and  68  families  (75%  of  all  taxa).  For  a  complete 
list  of  taxa  see  Appendix  1 . 

Habitat  Types  Present 

Natural  plant  communities  were  designated  primarily  using  the  community  classification 
of  White  and  Madany  (1978)  and  are  outlined  in  Figures  1  &  2.  Most  of  these  communi¬ 
ties  have  been  influenced  by  various  disturbances  such  as  flooding,  fire,  fire  suppression, 
grazing,  logging,  wildlife  activity,  such  as  browsing  by  white-tailed  deer  ( Odocileus  vir- 
ginianus),  and  past  management  practices  (Ebinger  and  McClain  1991). 
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Shrub  swamps/marshes:  This  community  was  widely  scattered  throughout  the  MW  and 
accounted  for  7.6  ha  (26%)  of  the  MWNP  and  31.5  ha  (15%)  of  the  MWLWR  (Figures  1 
&  2).  Restricted  to  the  network  of  sloughs  this  dynamic  community  may  change  from 
year  to  year  as  the  water  level  within  the  Kankakee  River  channel  changes  and  new 
channels  are  formed  and  others  cut-off.  The  slough  channels  varied  greatly  in  species 
composition;  determined  at  least  somewhat  by  frequency  and  duration  of  inundation.  The 
scattered  trees  included:  silver  maple  {Acer  saccharinum),  red/green  ash  {Fraxinus  penn- 
sylvanica),  pin  oak  ( Quercus  palustris),  river  birch  (. Betula  nigra),  swamp  cottonwood 
(Populus  heterophylla ),  and  pumpkin  ash  {Fraxinus  profunda).  Swamp  cottonwood  and 
pumpkin  ash  were  rare  at  the  MW,  their  most  northern  vouchered  range  in  Illinois.  The 
dominant  shrub  was  buttonbush  {Cephalanthus  occidentalis).  Dominant  herbs  included: 
halberd-leaved  rose  mallow  {Hibiscus  laevis),  rice  cutgrass  {Leersia  oryzoides),  white 
grass  {Leersia  virginica),  ditch  stonecrop  {Penthorum  sedoides),  clearweed  {Pilea 
pumila),  mild  water  pepper  {Polygonum  hydropiperoides),  swamp  dock  {Rumex  verticil- 
latus),  common  arrowleaf  {Sagittaria  latifolia),  and  lizard’s-tail  {Saururus  cernuus).  One 
frequent  herb  was  climbing  hempweed  {Mikania  scandens)’,  this  is  the  most  northern 
vouchered  range  for  this  species  in  Illinois.  The  floristic  integrity,  as  measured  using  the 
FQI  of  Taft  et  al.  (1997),  was  25.95  for  the  site;  the  mean  C  was  3.08  (Table  1).  Only 
four  species  were  encountered  with  a  C  greater  than  seven:  eastern  mosquito  fern  {Azolla 
caroliniana),  pumpkin  ash,  climbing  hempweed,  and  swamp  cottonwood.  Seven  adven- 
tive  species  were  included  in  calculating  the  FQI.  Excluding  these  species,  the  FQI  of  the 
site  would  be  27.36  and  the  mean  C  3.42.  For  a  floodplain  community  this  is  a  good 
mean  C  (above  3.00)  and  indicates  the  community  has  good  floristic  quality  (Taft  et  al. 
1997). 

Wet  floodplain  forest:  This  community  accounted  for  1 1.8  ha  (40.4%)  of  the  MWNP  and 
112.8  ha  (53.7%)  of  the  MWLWR  (Figure  1  &  2).  The  wet  floodplain  forest  was  charac¬ 
terized  by  frequent  flooding  during  the  growing  season  and  a  low  diversity  of  woody  and 
herbaceous  species  (117  species).  The  overstory  of  the  wet  floodplain  forest  at  the 
MWLWR  contained  six  tree  species  with  a  density  of  369  stems/ha  and  basal  area  of 
34.09  m2/ha  (Table  2).  Silver  maple  dominated,  was  common  in  all  diameter  classes,  had 
an  average  diameter  of  39.5  cm,  and  an  IV  of  114.4.  American  elm  {Ulmus  americana) 
and  green/red  ash  were  mostly  restricted  to  the  small  diameter  classes,  had  an  average 
diameter  of  19.6  cm  and  26.9  cm  respectively.  Dead-standing  individuals,  most  com¬ 
monly  American  elm  and  silver  maple,  averaged  45  stems/ha  with  a  basal  area  of  2.67 
nr/ha.  The  understory  was  very  open  with  few  saplings  (170  stems/ha)  while  numerous 
tree  and  shrub  seedlings  (97,100  stems/ha)  were  encountered  (Table  3).  Nearly  all  of  the 
seedlings  were  <10  cm  tall  and  most  may  soon  die  due  to  dense  shade  and  flooding. 
Common  woody  vines  included:  trumpet  creeper  {Campsis  radicans)  and  poison  ivy 
{Toxicodendron  radicans).  Common  herbaceous  species  included:  three-seeded  Mercury 
{Acalypha  rhomboidea),  panicled  aster  {Aster  lanceolatus),  common  beggar-ticks  {Bidens 
frondosa),  wood  nettle  {Laportea  canadensis),  catchfly  grass  {Leersia  lenticularis).  Car¬ 
dinal  flower  {Lobelia  cardinalis),  clearweed,  smartweed  {Polygonum  punctatum),  and 
lizard’s-tail.  The  FQI  was  30.83  for  the  site,  while  the  mean  C  was  2.85  (Table  1).  Only 
two  species  were  encountered  with  a  C  greater  than  seven:  eastern  mosquito  fern  and 
climbing  hempweed.  Ten  adventive  species  were  included  in  calculating  the  FQI.  If  these 
species  were  excluded  from  the  calculations,  the  FQI  of  the  site  was  32.17  and  the  mean 
C  was  3.1 1  (Table  1). 
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Wet-mesic  floodplain  forest:  This  community  accounted  for  9.8  ha  (33.6%)  of  the 
MWNP  and  16.1  ha  (7.7%)  of  the  MWLWR  (Figures  1  &  2).  The  wet-mesic  floodplain 
forest  was  characterized  by  flooding  during  the  growing  season  that  was  much  less  fre¬ 
quent  and  of  a  much  shorter  duration  than  the  wet  floodplain  forest.  An  obvious  feature 
of  this  community  was  the  large  number  of  dead-standing  trees.  The  diversity  of  tree  spe¬ 
cies  was  greater  than  for  the  wet  floodplain  forest  with  swamp  white  oak,  pin  oak  and 
silver  maple  being  the  dominant  tree  species.  Woody  understory  trees  and  shrubs  were 
relatively  dense  with  numerous  saplings,  especially  spicebush  and  red/green  ash.  Ameri¬ 
can  storax  ( Styrax  americana),  a  state  threatened  shrub,  was  sporadic,  growing  at  the 
margin  of  the  wet-mesic  floodplain  forest  where  it  joins  the  shrub  swamp/marsh  commu¬ 
nity.  MW  is  the  only  known  site  in  northern  Illinois  for  this  species.  Common  woody 
vines  included:  trumpet  creeper,  moonseed  vine  (Menispermum  canadense ),  hispid 
greenbrier  ( Smilax  hispido ),  and  poison  ivy.  Herbaceous  species  included:  green  dragon 
(. Arisaema  dracontium),  creeping  cress  ( Cardamine  bulbosa),  loosestrife  ( Lysimachia 
hybrida ),  sensitive  fern  ( Onoclea  sensibilis ),  regal  fern  ( Osmunda  regalis),  and  Virginia 
knotweed  ( Polygonum  virginiana).  The  FQI  was  36.25  for  the  site,  while  the  mean  C  was 
3.38  (Table  1).  Seven  species  were  encountered  with  a  C  greater  than  seven:  winterberry 
{Ilex  verticillata ),  stalked  water  horehound  ( Lycopus  rubellus),  climbing  hempweed, 
Indian  pipe  (. Monotropa  uniflora),  regal  fern,  American  storax,  and  maple-leaved  vibur¬ 
num  ( Viburnum  acerifolium).  Eleven  adventive  species  were  included  in  calculating  the 
FQI.  If  these  species  were  excluded  from  the  calculations  the  FQI  of  the  site  was  38.14 
and  the  mean  C  was  3.74.  This  floodplain  community  had  the  highest  FQI  and  C  values 
at  the  MW.  In  general,  an  FQI  greater  than  35  is  at  sites  that  are  regionally  noteworthy 
(Taftet  al.  1997). 

Within  the  wet-mesic  floodplain  forest  at  the  MWNP,  the  overstory  contained  eight  tree 
species  (five  species  were  common)  with  a  density  of  387  stems/ha  and  basal  area  of 
30.64  m2/ha  (Figure  1;  Table  2).  Silver  maple  dominated,  was  common  in  all  diameter 
classes,  had  an  average  diameter  of  27.2  cm,  and  an  IV  of  75.2.  Other  common  species 
included:  pin  oak  which  ranked  second  with  an  IV  of  53.7;  green/red  ash  which  ranked 
third  with  an  IV  of  27.4  and  swamp  white  oak  which  ranked  fourth  with  an  IV  of  20.3,  as 
did  American  elm.  A  conspicuous  feature  of  this  community  was  the  large  number  of 
dead-standing  trees  which  averaged  57  stems/ha  and  had  a  basal  area  of  4.46  m2/ha 
(Table  4).  Tree  seedlings  were  extremely  common,  averaging  >1,231,000  stems/ha 
(Table  3).  Nearly  all  tree  seedlings  were  <10  cm  tall  and  most  would  soon  die  due  to 
dense  shade  and  flooding.  As  in  the  wet  floodplain  forest  community,  the  understory  was 
very  open  with  few  saplings  (276  stems/ha)  present. 

Within  the  wet-mesic  floodplain  forest  at  the  MWLWR,  the  overstory  contained  nine  tree 
species  (four  species  were  common)  with  a  density  of  339  stems/ha  and  basal  area  of 
26.58  m2/ha  (Figure  2;  Table  2).  Swamp  white  oak  and  pin  oak  dominated,  were  common 
in  all  diameter  classes,  had  an  average  diameter  of  38.2  cm  and  30.1  cm  respectively,  and 
an  IV  of  56.3  and  48.7  respectively.  Other  common  species,  American  elm,  red/green 
ash,  and  silver  maple,  occurred  mostly  in  the  lower  diameter  classes  and  had  average 
diameters  near  20  cm  dbh.  Dead-standing  individuals,  most  commonly  American  elm  and 
swamp  white  oak,  averaged  38  stems/ha  with  a  basal  area  of  2.35  m2/ha.  Tree  seedlings 
were  numerous  but  less  abundant  than  at  the  MWNP,  with  an  average  of  76,200  stems/ha 
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(Table  3).  Nearly  all  tree  seedlings  were  <10  cm  tall.  The  understory  was  relatively  dense 
with  many  small  saplings,  2,950  stems/ha,  with  large  numbers  of  spice  bush  and  a  few 
other  shrubs  along  with  many  saplings  of  red/green  ash. 

Drv-mesic  upland  forest:  This  community  accounted  for  31.2  ha  (14.8%)  of  the 
MWLWR  (Figure  2).  The  dry-mesic  upland  forest  overstory  contained  five  tree  species 
(three  species  were  common)  with  a  density  of  252  stems/ha  and  basal  area  of  22.29 
m2/ha  (Table  2).  Black  oak  dominated,  was  the  most  common  in  all  but  the  two  smallest 
diameter  classes,  had  an  average  diameter  of  47.2  cm,  and  an  IV  of  109  (Table  2).  Other 
common  species  included  white  oak  which  ranked  second  with  an  IV  of  53.9  and  was 
common  in  the  smaller  diameter  classes.  Black  cherry  ( Prunus  serotina )  ranked  third 
with  an  IV  of  34.1  and  dominated  the  10  -  19  cm  diameter  class.  Black  oaks  were  the 
only  dead-standing  individuals  encountered  and  averaged  7  stems/ha  with  a  basal  area  of 
1.14  m2/ha.  Tree  seedlings  were  common  but  less  abundant  than  in  the  floodplain  forest, 
averaging  28,200  stems/ha  (Table  3).  The  understory  was  relatively  dense  with  many 
saplings,  5,280  stems/ha.  Black  cherry  dominated  both  the  small  and  large  saplings  with 
1,500  stems/ha  and  2,070  stems/ha  respectively  (Table  3).  Common  woody  vines 
included:  Virginia  creeper  ( Parthenocissus  quinquefolia),  poison  ivy,  and  riverbank 
grape  {Vitis  riparia).  Herbaceous  species  included:  rue  anemone  ( Anemonella 
thalictroides),  short-headed  bracted  sedge  ( Carex  cephalophora ),  Pennsylvania  oak  sedge 
0 Carex  pensylvanica ),  nodding  fescue  ( Festuca  obtusa ),  false  dandelion  ( Krigia  biflora ), 
Solomon’s  seal  ( Polygonatum  biflorum ),  and  woodland  goldenrod  ( Solidago  caesia ).  The 
FQI  was  30.84  for  the  site,  while  the  mean  C  was  3.01  (Table  1).  Only  two  species  were 
encountered  with  a  C  greater  than  seven:  downy  green  sedge  ( Carex  swanii )  and  maple¬ 
leaved  viburnum.  Thirteen  adventive  species  were  included  in  calculating  the  FQI.  If 
these  species  were  excluded  from  the  calculations  the  FQI  of  the  site  would  be  32.90  and 
the  mean  C  3.43. 

Wet-mesic  prairie:  This  community  accounted  for  0.4  ha  (0.2%)  of  the  MWLWR  (Figure 
2).  This  small  wet-mesic  prairie  remnant  is  located  along  the  northern  edge  of  the 
MWLWR  next  to  a  railroad  right-of-way  and  was  characterized  by  common  prairie 
grasses  and  forbs.  Species  diversity  was  relatively  high;  31  species  recorded  in  the  plots 
(Table  5).  The  common  prairie  grasses  included:  big  bluestem  ( Andropogon  gerardii ), 
Indian  grass  ( Sorghastrum  nutans ),  and  cord  grass  ( Spartina  pectinata).  The  important 
forbs  were  downy  sunflower  ( Helianthus  mollis ),  tall  goldenrod  ( Solidago  canadensis ), 
rigid  goldenrod  (, Solidago  rigida ),  and  heath  aster  {Aster  ericoides ).  The  important  shrub 
was  Northern  dewberry  ( Rubus  flagellaris ).  Presently,  the  prairie  is  the  subject  of 
restoration  activities.  The  FQI  is  37.06  for  the  site,  while  the  mean  C  is  3.60  (Table  1). 
Four  species  were  encountered  with  a  C  greater  than  seven:  Bicknell’s  sedge  {Carex 
bicknellii ),  dark-scaled  sedge  {Carex  buxbaumii),  white  prairie  clover  {Dalea  Candida ), 
and  rough  white  lettuce  {Prenanthes  aspera).  Six  adventive  species  were  included  in 
calculating  the  FQI.  If  these  species  are  excluded  from  the  calculations  the  FQI  of  the  site 
is  38.20  and  the  mean  C  is  3.82.  This  community  had  the  highest  FQI  and  mean  C  at  the 
MW.  In  general,  an  FQI  greater  than  35  tends  to  signify  sites  that  are  regionally 
noteworthy  and  sharply  distinct  from  the  predominant  heavily  degraded  matrix  areas  in 
the  landscape  (Taft  et  al.  1997). 
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Cultural:  This  community  accounted  for  18.2  ha  (8.6%)  of  the  MWLWR  (Figure  2).  The 
cultural  communities  are  created  and  maintained  by  human  activity  and  were  represented 
at  the  MWLWR  by  successional  fields  and  developed  lands  (abandoned  railroad  right-of- 
way  and  road). 
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Figure  1. Natural  communities  of  Momence  Wetlands  Nature  Preserve,  Kankakee 
County,  Illinois.  (1)  shrub  swamp/marsh,  (2)  wet  floodplain  forest,  and  (3)  wet- 
mesic  floodplain  forest.  Total  area  is  29.2  ha  (72  acres). 
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Table  l.Floristic  quality  assessment  summary  data  comparing  six  natural  communities 
(1  =  shrub  swamp/marsh;  2  =  wet  floodplain  forest;  3=  wet-mesic  floodplain 
forest;  4  =  dry-mesic  upland  forest;  5  =  wet-mesic  prairie)  at  Momence  Wet¬ 
lands,  Kankakee  County,  Illinois. 


Parameter 

1 

2 

3 

4 

5 

Total  hectares 

39.1 

124.6 

25.9 

31.2 

0.4 

Total  species  richness 

71 

117 

115 

105 

106 

Native  species  richness 

64 

107 

104 

92 

100 

%  Adventive  species 

9.9 

8.6 

9.6 

12.4 

5.7 

Floristic  Quality  Index  (FQI) 

26.0 

30.8 

36.3 

30.8 

37.1 

FQI  (native) 

27.36 

32.17 

38.14 

32.90 

38.20 

Mean  C  (all  species) 

3.08 

2.85 

3.38 

3.01 

3.60 

Mean  C  (native  species) 

3.42 

3.11 

3.74 

3.43 

3.82 

Threatened  species 

0 

0 

1 

0 

0 

Table  2. Density  by  diameter  class  (stems/ha),  basal  area  (m2/ha),  relative  density,  relative  dominance,  importance  value,  and  average 
diameters  of  woody  species  recorded  in  three  forest  communities  at  the  Momence  Wetlands  Land  and  Water  Reserve  and  one  forest 
community  at  the  Momence  Wetlands  Nature  Preserve,  Kankakee  County,  Illinois. 
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Table  2.  -  continued. 
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Table  3.  Densities  (stems/ha)  of  woody  seedlings  (<50  cm  tall),  small  saplings  (>50  cm 
tall  <2.5  cm  dbh),  and  large  saplings  (2.5  -  9.9  cm  dbh)  at  three  forest  commu¬ 
nities  at  the  Momence  Wetlands  Land  and  Water  Reserve  and  one  forest  com¬ 
munity  at  the  Momence  Wetlands  Nature  Preserve,  Kankakee  County,  Illinois. 


Species 

Seedlings 
<50  cm  tall 

Small  Saplings 
>50  cm  tall  <2.5  cm  dbh 

Large  Saplings 

2.5  -  9.9  cm  dbh 

Fraxinus  pennsylvanica 

67,000 

— 

25 

Ulmus  americana 

15,600 

— 

30 

Acer  saccharinum 

14,400 

— 

15 

Quercus  palustris 

100 

— 

— 

Morus  alba 

— 

50 

— 

Cephalanthus  occidentalis 

— 

50 

— 

Totals  97,100 

Wet-mesic  Floodplain  Forest  (MWNP) 

100 

70 

Ulmus  americana 

720,000 

— 

28 

Fraxinus  pennsylvanica 

324,500 

50 

10 

Acer  saccharinum 

177,500 

50 

113 

Quercus  palustris 

500 

— 

— 

Morus  alba 

500 

— 

— 

Cephalanthus  occidentalis 

8,000 

25 

— 

Totals  1,231,000 

Wet-mesic  Floodplain  Forest  (MWLWR) 

125 

151 

Fraxinus  pennsylvanica 

21,700 

800 

205 

Ulmus  americana 

9,500 

50 

70 

Acer  saccharinum 

700 

— 

60 

Sassafras  albidum 

100 

— 

5 

Prunus  serotina 

— 

— 

30 

Quercus  palustris 

— 

— 

30 

Betula  nigra 

— 

— 

5 

Quercus  bicolor 

— 

— 

5 

Lindera  benzoin 

41,700 

1,400 

— 

Cornus  obliqua 

1,600 

— 

— 

Other  shrubs 

900 

700 

— 

Totals 

76,200 

2,950 

410 

Dry-mesic  Upland  Forest  (MWLWR) 

Quercus  velutina 

13,100 

500 

5 

Fraxinus  pennsylvanica 

8,600 

400 

15 

Prunus  serotina 

2,800 

1,500 

2,070 

Quercus  alba 

900 

— 

— 

Ulmus  americana 

700 

100 

55 

Acer  saccharinum 

400 

— 

— 

Sassafras  albidum 

100 

450 

15 

Carya  ovata 

100 

— 

5 

Other  trees 

— 

150 

15 

Ribes  missouriense 

800 

— 

— 

Viburnum  acerifolium 

500 

— 

— 

Berberis  thunbergii 

200 

— 

— 

Totals 

28,200 

3,100 

2,180 
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Table  4.  Density,  basal  area,  and  average  diameter  of  the  dead-standing  tree  species 
encountered  in  the  wet-mesic  floodplain  forest  at  Momence  Wetlands  Nature 
Preserve,  Kankakee  County,  Illinois. 


Species 

Density 

(stems/ha) 

Basal  Area 
(m2ha) 

Avg. Diameter 
(cm) 

Ulmus  americana 

23.0 

1.30 

23.7 

Quercus  palustris 

12.2 

1.28 

31.4 

Acer  saccharinum 

10.6 

1.32 

33.3 

Fraxinus  pennsylvanica 

4.5 

0.09 

15.1 

Betula  nigra 

4.2 

0.40 

34.1 

Quercus  bicolor 

2.0 

0.07 

18.1 

Totals  56.5 

4.46 
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Table  5. Frequency  (%),  average  cover,  relative  frequency,  relative  cover,  and  impor¬ 
tance  value  of  the  ground  layer  species  encountered  in  a  prairie  remnant  in  the 
late  summer  of  1998  at  the  Momence  Wetlands  Land  and  Water  Reserve, 
Kankakee  County,  Illinois. 


Species 

Frequency 

(%) 

Average 

Cover 

Relative 

Frequency 

Relative 

Cover 

Importance 

Value 

Rubus  flagellaris 

44.0 

25.32 

12.0 

17.9 

29.9 

Helianthus  mollis 

38.0 

26.40 

10.3 

18.6 

28.9 

Andropogon  gerardii 

34.0 

19.32 

9.3 

13.6 

22.9 

Solidago  canadensis 

32.0 

17.16 

8.7 

12.1 

20.8 

Poa  pratensis 

38.0 

3.12 

10.3 

2.2 

12.5 

Solidago  rigida 

16.0 

11.40 

4.5 

8.0 

12.5 

Aster  ericoides 

28.0 

5.64 

7.6 

4.0 

11.6 

Sorghastrum  nutans 

16.0 

8.64 

4.5 

6.0 

10.5 

Salix  humilis 

10.0 

6.00 

2.7 

4.2 

6.9 

Rosa  Carolina 

16.0 

2.68 

4.5 

1.8 

6.3 

Eryngium  yuccifolium 

6.0 

3.60 

1.6 

2.5 

4.1 

Euthamia  graminifolia 

12.0 

1.04 

3.3 

0.7 

4.0 

Spartina  pectinata 

6.0 

2.64 

1.6 

1.8 

3.4 

Potentilla  simplex 

8.0 

1.32 

2.2 

0.9 

3.1 

Galium  obtusum 

10.0 

0.20 

2.7 

0.1 

2.8 

Lactuca  canadensis 

6.0 

1.48 

1.6 

1.0 

2.6 

Spiraea  alba 

6.0 

1.48 

1.6 

1.0 

2.6 

Car  ex  spp. 

8.0 

0.16 

2.2 

0.1 

2.3 

Euphorbia  corollata 

6.0 

0.72 

1.6 

0.5 

2.1 

Hypericum  sphaerocarpum 

4.0 

1.44 

1.1 

1.0 

2.1 

Ulmus  americana 

2.0 

1.20 

0.5 

0.8 

1.3 

Elymus  canadensis 

4.0 

0.08 

1.1 

0.1 

1.2 

Solidago  nemoralis 

2.0 

0.24 

0.5 

0.2 

0.7 

Rudbeckia  subtomentosa 

2.0 

0.24 

0.5 

0.2 

0.7 

Antennaria  plantaginifolia 

2.0 

0.04 

0.5 

0.1 

0.6 

Achillea  millefolium 

2.0 

0.04 

0.5 

0.1 

0.6 

Cassia  fasciculata 

2.0 

0.04 

0.5 

0.1 

0.6 

Prunus  serotina 

2.0 

0.04 

0.5 

0.1 

0.6 

Cirsium  discolor 

2.0 

0.04 

0.5 

0.1 

0.6 

Muhlenbergia  frondosa 

2.0 

0.04 

0.5 

0.1 

0.6 

Physostegia  virginiana 

2.0 

0.04 

0.5 

0.1 

0.6 

Totals 

141.80 

100.0 

100.0 

200.0 
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APPENDIX  1 

The  vascular  taxa  encountered  and  collected  at  the  Momence  Wetlands  are  listed  below 
by  major  groups,  Pteridophytes  (ferns  and  fern-allies)  and  Spermatophytes  (seed  plants), 
the  latter  divided  into  Monocots  and  Dicots.  The  families,  genera,  and  species  are  alpha¬ 
betically  arranged  within  each  group.  Non-native  species  are  indicated  by  an  asterisk  (*). 
After  the  binomial  and  authority,  the  communities  where  the  species  was  observed  is 
given  (1  =  shrub  swamp/marsh,  2  =  wet  floodplain  forest,  3  =  wet-mesic  floodplain  for¬ 
est,  4  =  dry-mesic  upland  forest,  5  =  wet-mesic  prairie,  6  =  cultural).  Following  the  com¬ 
munity  number(s),  collecting  numbers  preceded  by  the  initial  of  the  collector’s  name  are 
given  (P  for  Loy  R.  Phillippe,  H  for  Fran  Harty). 


PTERIDOPHYTES 

DRY  OPTERID  ACEAE 
Onoclea  sensibilis  L.:  3;  P  30042 

EQUISETACEAE 
Equisetum  arvense  L.:  6;  P  30395 

OPHIOGLOSSACEAE 
Botrychium  dissectum  Spreng.:  4,  5,  6;  P 
29958 

OSMUNDACEAE 
Osmunda  regalis  L.:  3;  P  30041 
SALVINIACEAE 

Azolla  caroliniana  Willd.:  1,  2;  P  29928 

THELYPTERID  ACEAE 
Thelypteris  palustris  Schott  var.  pubescens 
(Lawson)  Femald:  3;  P  30960 


SPERMATOPHYTES:  ANGIOSPERMS 
MONOCOTS 

ALISMACEAE 

Alisma  plantago-aquatica  L.  var. 

parviflorum  (Pursh)  Torrey:  1,  2;  P  29907 
Sagittaria  brevirostrata  Mack.  &  Bush:  1,  2; 
P  30968 

Sagittaria  latifolia  Willd.:  1,  2;  P  30050 
ARACEAE 

Arisaema  dracontium  (L.)  Schott:  3;  P 
30373 

COMMELINACEAE 
*Commelina  communis  L.:  4;  P  30030 
Tradescantia  ohiensis  Raf.:  5,  6;  P  29996 


CYPERACEAE 

Carex  bicknellii  Britton:  5;  P  30337 
Carex  blanda  Dewey:  3,  4;  P  30369 
Carex  buxbaumii  Wahlenb.:  5;  P  30348 
Carex  cephalophora  Muhl.  ex.  Willd.:  4;  P 
30367 

Carex  festucacea  Schk.  in  Willd.:  4;  P 
30409 

Carex  lupulina  Willd.:  2,  3,  4;  P  30089 
Carex  muskingumensis  Schwein.:  2,  3,  4;  P 
30037 

Carex  normalis  Mackenzie:  3,  4;  P  30143 
Carex pellita  Muhl.:  5;  P  30339 
Carex pensylvanica  Lam.:  4;  P  30159 
Carex  radiata  (Wahlenb.)  Small:  3,  4;  P 
30375 

Carex  sartwellii  Dewey:  6;  P  30352 
Carex  stipata  Muhl.  in  Willd.:  6;  P  30390 
Carex  stricta  Lam.:  5,  6;  P  30351 
Carex  swanii  (Fernald)  Mackenzie:  4;  P 
30407 

Carex  tribuloides  Wahlenb.:  4;  30017 
Carex  typhina  Michaux:  3,  4;  P  30015 
Cyperus  aristatus  Rottb.:  1;  P  29882 
Cyperus  erythrorhizos  Muhl.:  1,  2;  P  30053 
Cyperus  ferruginescens  Boeckl.:  1,  2,  3;  P 

29880 

Cyperus  strigosus  L.:  5,  6;  P  31246 
Eleocharis  acicularis  (L.)  Roem.  & 
Schultes:  1,  2;  P  30969 
Eleocharis  elliptica  Kunth  var.  compressa 
(Sull.)  Drap.  &  Mohlenbrock:  5;  P  30349 
Eleocharis  obtusa  (Willd.)  Schult.  var. 
obtusa :  1,  2;  P  29883 

Hemicarpha  micrantha  (Vahl)  Pax:  1;  P 

29881 

Scirpus  cyperinus  (L.)  Kunth:  6;  P  31250 

DIOSCOREACEAE 
Dioscorea  villosa  L.:  3,  4,  6;  P  30120 
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IRIDACEAE 
Iris  shrevei  Small:  3;  P  31228 
Sisyrinchium  albidum  Raf.:  5;  P  30347 

JUNCACEAE 

J uncus  tenuis  Willd.:  4,  5;  P  30966 

LEMNACEAE 
Lenina  minor  L. :  1 ;  P  3 1 0 1 2 

LILIACEAE 

Allium  canadense  L.:  4,  5,  6;  P  30345 
Hypoxis  hirsuta  (L.)  Coville:5;  P  30350 
*Ornithogalum  umbellatum  L.:  6;  P  30382 
Polygonatum  biflorum  (Walt.)  Ell.:  4;  P 
30405 

POACEAE 

*Agrostis  alba  L.:  2,  5,  6;  P  31008 
Agrostis  hyemalis  (Walt.)  BSP.:  6;  site 
record  only 

Agrostis  perennans  (Walt.)  Tuckerm.:  4;  P 
30020 

Andropogon  gerardii  Vitman:  5,  6;  P  29977 
Andropogon  virginicus  L.:  6;  P  30136 
*Bromus  tectorum  L.:  6;  P  30357 
Calamagrostis  canadensis  (Michaux) 
Beauv.:  6;  P  30990 

Cinna  arundinacea  L.:  2,  3,  4;  P  30036 
*Dactylis  glomerata  L.:  4,  6;  P  30404 
*Digitaria  ischaemum  (Schreb.)  Muhl.:  3;  P 
30116 

*Digitaria  sanguinalis  (L.)  Scop.:  3;  P 
30142 

Echinochloa  muricata  (P.  Beauv.)  Fernald 
var.  muricata :  1,  2,  6;  P  30054 
Elymus  canadensis  L.:  5;  P  30001 
Elymus  virginicus  L.:  2,  3,  4,  5,  6;  P  30007 
Eragrostis  hypnoides  (Lam.)  BSP.:  1,  2;  P 
29912 

Eragrostis  pectinacea  (Michaux)  Nees:  1,  2; 
P  30983 

Eragrostis  spectabilis  (Pursh)  Steud.:  5;  P 
29986 

Festuca  obtusa  Biehler:  4;  P  30363 
Glyceria  striata  (Lam.)  Hitchcock:  1,  2,  3, 
6;  P  30401 

Leersia  lenticularis  Michaux:  2,  3;  P  29924 
Leersia  oryzoides  (L.)  Swartz:  1,  2;  P  29909 
Leersia  virginicaWiWd.:  1,  2,  3,  4,  6;  P 
29923 

Leptoloma  cognatum  (Schult.)  Chase:  6;  P 
30131 

Muhlenbergia  frondosa  (Poir.)  Fernald  f. 

frondosa :  2,  4;  P  30055 
Muhlenbergia  mexicana  (L.)  Trin.  f. 
mexicana :  5,  6;  P  29965 


Muhlenbergia  schreberi  Gmel.:  4;  P  30026 
Panicum  capillare  L.  var.  capillare:  2;  P 
31362 

Panicum  clandestinum  L.:  4,  6;  P  30961 
Panicum  dichotomiflorum  Michaux:  1,  2,  3, 
6;  P  29915 

Panicum  lanugino sum  Elliott  var. 

fasciculatum  (Torrey)  Fernald:  4,  5  6;  P 
29978 

Panicum  lanugino  sum  Elliott  var. 

lindheimeri  (Nash)  Fernald:  5,  6;  P  29971 
Panicum  latifolium  L.:  4;  P  30092 
Panicum  virgatum  L.:  5,  6;  P  29974 
Phalaris  arundinacea  L.:  2,  3,  6;  P  30978 
*Poa  annua  L.:  6;  P  30154 
*Poa  pratensis  L.:  4,  5,  6;  P  30341 
Schizachyrium  scoparium  (Michaux)  Nash: 
5;  P 29992 

Setaria  geniculata  (Lam.)  Beauv.:  5;  P 
31006 

Sorghastrum  nutans  (L.)  Nash:  5,  6;  P 
30011 

Spartina  pectinata  Link:  5;  P  29991 
Sphenopholis  obtusata  (Michaux)  Scribner 
var.  major  (Torrey)  Erdman:  4,  6;  P 
30368 

Sporobolus  asper  (Michaux)  Kunth:  6;  P 
30137 

Stipa  spartea  Trin.:  5;  P  31005-B 
Tridens  flavus  (L.)  Hitchcock:  6;  P  30122 

POTAMOGETONACEAE 
*Potamogeton  crispus  L.:  1;  P  30046 

SMILACACEAE 

Smilax  ecirrhata  Kunth:  2,  3;  P  30399 
Smilax  hispida  Muhl.:  3,  4;  P  30039 

SPARGANIACEAE 
Sparganium  sp.:  1;  site  record  only 

DICOTS 

ACERACEAE 
Acer  negundo  L.:  6;  P  30167 
Acer  saccharinum  L.:  1,  2,  3,  4,  6;  P  30152 

AMARANTHACEAE 
Amaranthus  rudis  Sauer:  1,  2,  3;  P  29878 

ANACARDIACEAE 

Toxicodendron  radicans  (L.)  Kuntze:  2,  3,  4, 
6;  P  30985 

APIACEAE 

Cicuta  maculata  L.:  5;  P  30995 
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Cryptotaenia  canadensis  (L.)  DC.:  6;  P 
30986 

*Daucus  carota  L.:  5,  6;  P  29985 
Eryngium  yuccifolium  Michaux:  5,  6;  P 
29959 

Osmorhiza  claytonii  (Michaux)  Clarke:  4,  6; 
P  30408 

*Pastinaca  sativa  L.:  6;  P  30379 
Sanicula  canadensis  L.:  4,  6;  P  30964 
Si um  suave  Walt.:  1,  2;  P  29946 
Thaspium  barbinode  (Michaux)  Nuttall:  6;  P 
30387 

*Torilis  japonica  (Houtt.)  DC.:  4,  6;  P 
30965 

APOCYNACEAE 

Apocynum  cannabiunum  L.:  4;  P  31230 

AQUIFOLIACEAE 
Ilex  verticillata  (L.)  Gray:  3;  P  29937 

ASCLEPIADACEAE 
Asclepias  incarnata  L.:  1,  2,  3,  5;  P  29932 
Asclepias  syriaca  L.:  6;  site  record  only 

ASTERACEAE 

*  Achillea  millefolium  L.:  5,  6;  P  31010 
Ambrosia  artemisiifolia  L.:  5,  6;  P  31266 
Ambrosia  trifida  L.:  2,  5,  6;  P  30013 
Antennaria  plantaginifolia  (L.)  Richardson: 

4,  5;  P  30371 

*  Arctium  lappula  L.:  6;  P  31245 

*  Arctium  minus  Bernh.:  2,  6;  site  record 

only 

Aster  drummondii  Lindley  in  Hooker:  5;  P 
29981 

Aster  dumosus  L.:  2,  4;  P  30102-A 
Aster  ericoides  L.:  5;  P  30012 
Aster  lanceolatus  Willd.:  1,  2,  3,  5,  6;  P 
29893 

Aster  ontarionis  Wieg.:  1,  2,  4;  P  30087 
Aster pilosus  Willd.:  5,  6;  P  29955 
Aster  urophyllus  Lindley  in  DC.:  4;  P  30019 
Bidens  aristosa  (Michaux)  Britton:  2,  3,  5, 
6;  P  29917 

Bidens  cernua  L.:  1,  2;  P  29910 
Bidens  frondosa  L.:  1,  2,  3;  P  29918 
Bidens  vulgata  Greene:  1,  2,  3;  P  31274 

*  Centaur  ea  maculosa  Lam.:  6;  P  30989 
*Cirsium  arvense  (L.)  Scop.:  6;  site  record 

only 

Cirsium  discolor  (Muhl.)  Spreng.:  5,  6;  P 
31253 

Conyza  canadensis  (L.)  Cronquist:  6;  P 
31252 

Eclipta  pro  strata  (L.)  L.:  1,  2;  P  29914 


Erechtites  hieracifolia  (L.)  Raf.:  2,  3;  P 
29890 

Erigeron  annuus  (L.)  Pers.:  4,  6;  P  31238 
Eupatorium  altissimum  L.:  6;  P  30125 
Eupatorium  maculatum  L.:  2,  3;  P  29887 
Eupatorium  perfoliatum  L.:  2;  P  30106 
Eupatorium  rugosum  Houtt.:  4;  P  30033 
Eupatorium  serotinum  Michaux:  1,  2,  3,  4, 
5,  6;  P  29921 

Euthamia  graminifolia  (L.)  Nutt.:  5,  6;  P 
29966 

Gnaphalium  obtusifolium  L.:  6;  P  30123 
Helenium  autumnale  L.:  5,  6;  P  30005 
Helianthus  grosseserratus  Martens:  5,  6;  P 
29968 

Helianthus  mollis  Lam.:  5;  P  30003 
Helianthus  strumosus  L.:  6;  P  30980 
Heliopsis  helianthoides  (L.)  Sweet:  6;  P 
30133 

Krigia  biflora  (Walt.)  Blake:  4;  P  30362 
Lactuca  biennis  (Moench)  Fernald:  2,  6;  P 
31241 

Lactuca  canadensis  L.:  5,  6;  P  29953 
Liatris  spicata  (L.)  Willd.:  5;  P  30004 
Mikania  scandens  (L.)  Willd.:  1,  2,  3;  P 
29916 

Prenanthes  altissima  L.:  4;  P  30021 
Prenanthes  aspera  Michaux:  5;  P  29987 
Ratibida  pinnata  (Vent.)  Barnh.:  5;  P  30999 
Rudbeckia  hirta  L.:  5;  P  3101 1 
Rudbeckia  laciniata  L.:  2;  P  31239 
Rudbeckia  subtomentosa  Pursh:  5,  6;  P 
29954 

Senecio  glabellus  Poir.:  2,  6;  P  30377 
Solidago  canadensis  L.:  5,  6;  P  29967 
Solidago  caesia  L.:  4;  P  30090 
Solidago  gigantea  Aiton:  2,  6;  P  30104 
Solidago  nemoralis  Aiton;  5;  P  29984 
Solidago  rigida  L.:  5;  P  29999 
Solidago  ulmifolia  Muhl.:  4;  P  30024 
*Sonchus  arvensis  L.:  6;  P  30993 
* Taraxacum  officinale  Weber:  6;  P  30169 
*Tragopogon  dubius  Scop.:  6;  P  30355 
V ernonia  fasciculata  Michaux:  6;  P  30008 
Xanthium  strumarium  L.  var.  glabratum 
(DC.)  Cronq.:  2;  P  30048 

BALSAMINACEAE 

Impatiens  capensis  Meerb.:  1,  2,  3,  4,  6;  P 
30982 

BERBERIDACEAE 

*Berberis  thunbergii  DC.:  3,  4,  6;  P  30025 

BETULACEAE 
Betula  nigra  L.:  1,  2,  3;  P  30062 
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BIGNONIACEAE 

Camps  is  radicans  (L.)  Seem:  2,  3,  4,  6;  P 
30972 

Catalpa  speciosa  Warder:  2,  4,  6;  P  30144 
BORAGINACEAE 

Hackelia  virginiana  (L.)  I.M.  Johnston:  4,  6; 
P  30963 

*Myosotis  scorpioides  L.:  1;  P  30098 
Myosotis  verna  Nutt.:  6;  P  30388 

BRASSICACEAE 

* Alliaria  petiolata  (Bieb.)  Cavara  & 
Grande:  4;  P  30360 

*Barbarea  vulgaris  R.  Br.:  6;  P  30354-B 
Cardamine  bulbosa  (Schrab.)  BSP.:  3;  P 
30376 

Cardamine  pensylvanica  Muhl.:  3,  5,  6;  P 
30045 

Descurainia  pinnata  (Walt.)  Britton:  6;  P 
30385 

*  Erysimum  inconspicuum  (S.  Wats.) 

MacM.:  6;  P  30359 

*Lepidium  campestre  (L.)  R.  Br.:  6;  P  30356 
* Nasturtium  officinale  R.  Br.:  1,  2;  P  30397 
Rorippa  islandica  (Oeder)  Borbas  var. 

fernaldiana  Butt.  &  Abbe:  2;  P  29904 
Rorippa  sessiliflora  (Nutt.)  Hitchc.:  2;  P 
29884 

*  Rorippa  sylvestris  (L.)  Besser:  1,  2;  P 

30984 

Sibara  virginica  (L.)  Rollins:  6;  P  30157 

CAESALPINIACEAE 
Cassia  fasciculata  Michaux:  5,  6;  P  30010 
Gleditsia  triacanthos  L.:  3;  P  30150 

CAMPANULACEAE 
Campanula  americana  L.:  6;  P  30103 
Lobelia  cardinalis  L.:  1,  2,  3;  P  29941 

CAPRIFOLIACEAE 
*Lonicera  x  bella  Zabel:  4;  P  30365 
*Lonicera  maackii  (Rupr.)  Maxim.:  4,  6;  P 
30093 

Sambucus  canadensis  L.:  4,  6;  P  31240 
Viburnum  acerifolium  L.:  3,  4;  P  29938 
* Viburnum  lantana  L.:  5;  P  29994 

CARYOPHYLLACEAE 
*Arenaria  serpyllifolia  L.:  6;  P  30383 
Cerastium  nutans  Raf.:  6;  P  30392 
*Cerastium  vulgatum  L.:  6;  P  30353 
* Lychnis  alba  Mill:  6:  P  29950 
Moehringia  lateriflora  (L.)  Fenzl.:  4;  P 
30366 


*Myosoton  aquaticum  (L.)  Moench.:  1;  P 
30107 

Paronychia  canadensis  (L.)  Wood:  4;  P 
31229 

*Saponaria  officinalis  L.:  6;  P  30130 
Silene  antirrhina  L.:  6;  P  30384 
Silene  stellata  (L.)  Aiton  f.:  4;  P  30022 
*Stellaria  media  (L.)  VilL:  6;  P  30155 

CELASTRACEAE 
Celastrus  scandens  L.:  4;  P  30410 
Euonymus  atropurpurea  Jacq.:  3;  P  30040 

CHENOPODIACEAE 
Chenopodium  standleyanum  Aellen:  4;  P 
30032 

CLUSIACEAE 

Hypericum  sphaerocarpum  Michaux:  5,6; 
29962 

CONVOLVULACEAE 
Calystegia  sepium  (L.)  R.  Br.:  2,  3,  5,  6;  P 
31001 

CORNACEAE 

Cornus  obliqua  Raf.:  2,  3,  4,  5,  6;  P  30086 
Cornus  racemosa  Lam.:  6;  P  31248 

CUCURBITACEAE 

Echinocystis  lobata  (Michaux)  Torrey  & 
Gray:  2,  3;  P  29889 
Sicyos  angulatus  L.:  1,  2,  3;  P  30044 

CUSCUTACEAE 

Cuscuta  gronovii  Willd.:  1,  2,  3;  P  29949 
ELAEAGNACEAE 

*Elaeagnus  umbellata  Thunb.:  4;  P  30099 
EUPHORBIACEAE 

Acalypha  gracilens  Gray  var.  gracilens :  6;  P 
30134 

Acalypha  rhomboidea  Raf.:  2,  3,  4,  6;  P 
29934 

Euphorbia  corollata  L.:  5;  P  31009 
Poinsettia  dentata  (Michaux)  Kl.  &  Garcke: 
6;  P  30124 

FABACEAE 

Amorpha  fruticosa  L.:  4;  P  30083 
Apios  americana  Medicus:  5;  P  30996 
Baptisia  lactea  (Raf.)  Thieret:  5;  P  29990 
Dalea  Candida  (Michaux)  Willd.:  5;  P 
29989 

Desmodium  glabellum  (Michaux)  DC.:  5,  6; 
P  29960 
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Desmodium  illinoense  Gray:  5;  P  29998 
Desmodium  nudiflorum  (L.)  DC.:  4;  P  30016 
Lathyrus  palustris  L.:  5;  P  29983 
Lespedeza  capitata  Michaux:  5;  P  30000 
*Melilotus  alba  Medicus:  5,  6;  P  31002 

FAGACEAE 
Quercus  alba  L.:  4;  P  31237 
Quercus  bicolor  Willd.:  2,  3;  P  29935 
Quercus  macrocarpa  Michaux:  3;  P  31269 
Quercus  palustris  Muenchh.:  1,  2,  3;  P 
~  30082 

Quercus  rubra  Lam.:  4;  P  31233 
Quercus  velutina  Lam.:  4;  P  30095 

GENTIANACEAE 

Gentiana  andrewsii  Griseb.:  5,  6;  P  29969 
GERANIACEAE 

Geranium  carolinianum  L.:  6;  P  30358 
Geranium  maculatum  L.:  3,  4;  P  30370 

GROS  SUL  ARI  ACE  AE 
Ribes  americana  Mill.:  3,  6;  P  30153 
Ribes  missouriense  Nutt.:  3,  4;  P  30161 

JUGLANDACEAE 

Carya  ovata  (Mill.)  K.  Koch:  3,  4;  P  31232 
LAMIACEAE 

*Glechoma  hederacea  L.:  4,  6;  P  30170 
*Leonurus  cardiaca  L.:  6;  P  31244 
Lycopus  americanus  Muhl.:  3,  5;  P  29885 
Ly copus  rubellus  Moench.:  3;  P  29886 
Lycopus  uniflorus  Michaux:  1,  2,  3;  P  30077 
Lycopus  virginicus  L.:  3;  P  31267 
Mentha  arvensis  L.  var.  villosa  (Benth.)  S.R. 

Stewart:  1,  6;  P  31000 
Mimulus  ringens  L.:  2;  P  29903 
*Nepetea  cataria  L.:  6;  P  30139 
Physostegia  speciosa  (Sweet)  Sweet:  2,  3,  5; 
P  29945 

Physostegia  virginiana  (L.)  Benth.:  1,  2,  3, 
5;  P 29896 

Prunella  vulgaris  L.:  4,  5,  6;  P  29957 
Pycnanthemum  pilosum  Nutt.:  5;  P  31007 
Pycnanthemum  tenuifolium  Schrad.:  5;  P 
29997 

Scutellaria  lateriflora  L.:  1,  2,  3;  P  29901 
Stachys  tenuifolia  Willd.  var .hispida  (Pursh) 
Femald:  2,  3,  5,  6;  P  30014 
Stachys  tenuifolia  Willd.  var.  tenuifolia :  2, 
6;  P  29900 

Teucrium  canadense  L.:  3,  6;  P  30038 
LAURACEAE 

Lindera  benzoin  (L.)  Blume:  3,  4;  P  29940 


Sassafras  albidum  (Nutt.)  Nees:  3,  4;  P 
30075 

LYTHRACEAE 

Ammannia  coccinea  Rottb.:  3;  P  29891 
Lythrum  alatum  Pursh:  5;  P  31004 
*Lythrum  salicaria  L.:  1;  P  29888 
Rotala  ramosior  (L.)  Koehne:  1,  2;  P  29908 

MALVACEAE 

Hibiscus  laevis  All.:  1,  2;  P  29931 

MENISPERMACEAE 
Menispermum  canadense  L.:  2,  3;  P  30374 

MORACEAE 

*Morus  alba  L.:  2,  3,  4,  6;  P  30132 
NYCTAGINACEAE 

*Mirabilis  nyctaginea  (Michaux)  MacM.:  6; 
P 29951 

OLEACEAE 

Fraxinus  pennsylvanica  Marsh.:  1,  2,  3;  P 
29930 

Fraxinus  profunda  (Bush)  Bush:  1;  H  s.n. 

ONAGRACEAE 
Gaura  biennis  L.:  6;  P  31251 
Ludwigia palustris  (L.)  Ell.:  1, 2;  P  29898 
Oenothera  biennis  L.:5,  6;  P  29982 
Oenothera  pilosella  Raf.:  5;  P  30997 

OXALIDACEAE 

Oxalis  dillenii  Jacq.:  2,  3,  6;  P  30126 
Oxalis  stricta  L.:  3,  4,  6;  P  30018 
Oxalis  violacea  L.:  5;  P  30344 

PHYTOLACCACEAE 
Phytolacca  americana  L.:  1,  2,  3,  4,  6;  P 
30034 

PLANTAGINACEAE 
*Plantago  major  L.:  3;  P  29895 
Plantago  rugelii  Decne.:  6;  P  30987 
Plantago  virginica  L.:  6;  P  30389 

POLEMONIACEAE 
Phlox  paniculata  L.:  6;  P  31243 

POLYGALACEAE 
Poly  gala  sanguinea  L.:  5;  P  30002 

POLYGONACEAE 

Polygonum  amphibium  L.:  1,  2,  3,  6;  site 
record  only 

Polygonum  bicorne  Raf.:  3;  P  301 14 
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*Polygonum  cespitosum  Blume  var. 
longisetum  (De  Bruyn)  Stewart:  2,  3,  4,  6; 
P  30029 

Polygonum  hydropiperoides  Michaux:  1,  2; 
P 29927 

Polygonum  lapathifolium  L.:  1;  site  record 
only 

Polygonum  pensylvanicum  L.:  3;  P  29922 

*  Polygonum  persicaria  L.:  2,  3;  P  29925 
Polygonum  punctatum  Ell.:  1,  2,  3,  5,  6;  P 

29902 

Polygonum  scandens  L.:  4,  5,  6;  P  30031 
Polygonum  virginianum  L.:  2,  3,  4,  6;  P 
30023 

*Rumex  acetosella  L.:  6;  P  30386 
Rumex  altissimus  Wood:  6;  P  30994 
*Rumex  crispus  L.:  2;  P  30977 
Rumex  verticillatus  L.:  1,  2;  P  29929 

PORTULACACEAE 
Claytonia  virginica  L.:  4,  5,  6;  P  30168 

PRIMULACEAE 
Lysimachia  ciliata  L.:  3;  P  30962 
Lysimachia  hybrida  Michaux:  3;  P  31255 
Lysimachia  lanceolata  Walt.:  4,  5;  P  31003 

*  Lysimachia  nummularia  L.:  1,  2,  3,  6;  P 

30068 

Samolus  valerandii  L.:  1;  P  30975 
PYROLACEAE 

Monotropa  uniflora  L.:  3;  P  31266 

RANUNCULACEAE 
Anemone  canadensis  L.:  5,  6;  P  30340 
Anemone  virginiana  L.:  6;  P  30988 
Anemonella  thalictroides  (L.)  Spach.:  4;  P 
30158 

Clematis  pitcheri  Torrey  &  Gray:  3;  P 
30080 

Myosurus  minimus  L.:  6;  P  30156 
Ranunculus  abortivus  L.:  5,  6;  P  30165 
Ranunculus  sceleratus  L.:  1,  2;  P  29905 
Ranunculus  septentrionalis  Poir.:  3;  P  30163 
Thalictrum  revolutum  DC.:  5;  P  29980 

RHAMNACEAE 

*Rhamnus  cathartica  L.:  3;  P  30121 
ROSACEAE 

Crataegus  cuneiformis  (Marsh.)  Egglest.:  3; 
P  30083 

Crataegus  mollis  (Torrey  &  Gray)  Scheele: 
2,  3;  P  30100 

Fragaria  virginiana  Duchesne:  3,  6;  P 
30381 

Geum  canadense  Jacq.:  4,  6;  P  30035 


Geum  laciniatum  Murr.:  5,  6;  P  29970 
Geum  vernum  (Raf.)  Torrey  &  Gray:  6;  P 
30393 

Malus  ioensis  (Wood)  Britton:  3;  P  30402 
Potentilla  norvegica  L.:  2,  6;  P  30135 
Potentilla  simplex  Michaux:  4,  5;  P  30338 
Prunus  serotina  Ehrh.:  3,  4,  5,  6;  P  31234 
Rosa  Carolina  L.:  5,  6;  P  29952 
*Rosa  multiflora  Thunb.:  4,  5,  6;  P  29963 
Rosa  setigera  Michaux:  2,  3,  6;  P  31265 
Rubus  allegheniensis  Porter:  4;  P  31236 
Rubus  flagellaris  Willd.:  2,  4,  5,  6;  P  31235 
Rubus  occidentalis  L.:  2,  3,  4,  6;  P  30971 
Rubus  pensilvanicus  Poiret:  2,  3,  4,  6;  P 
30372 

Spiraea  alba  Du  Roi:  5;  P  29988 
RUBIACEAE 

Cephalanthus  occidentalis  L.:  1,  2,  3;  P 
30058 

Galium  aparine  L.:  4,  6;  site  record  only 
Galium  obtusum  Bigel.:  4,  5,  6;  P  30009 
Galium  triflorum  Michaux:  4;  P  30028 
Hedy otis  caerulea  (L.)  Hook.:  5;  P  30342 

RUTACEAE 

Zanthoxylum  americanum  Mill.:  3,  4;  P 
30084 

SALICACEAE 

Populus  deltoides  Marsh.:  1,  2,  6;  P  30378 
Populus  heterophylla  L.:  1;  P  29939 
Salix  exigua  Nutt.:  2,  6;  P  30105 
Salix  humilis  Marsh.:  5;  P  29993 
Salix  nigra  Marsh.:  1,  2;  P  30047 
Salix  rigida  Muhl.:  6;  P  301 18 

SAURURACEAE 

Saururus  cernuus  L.:  1,  2,  3;  P  30052 

SAXIFRAGACEAE 
Penthorum  sedoides  L.:  1,  2;  P  29920 

SCROPHULARIACEAE 
Gratiola  neglecta  Torrey:  2,  6;  P  30147 
*Linaria  vulgaris  Hill:  6;  P  30127 
Lindernia  dubia  (L.)  Pennell  var. 
anagallidea  (Michaux)  Cooperrider:  1,2; 
P 29913 

Mimulus  ringens  L.:  1,  2,  P  29903 
*Verbascum  thapsus  L.:  6;  P  30992 
*  Veronica  arvensis  L.:  6;  P  30354- A 
Veronica  catenata  Pennell:  1,  2;  P  30056 
V eronicastrum  virginicum  (L.)  Farw.:  5,  6;  P 
29975 
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SOLANACEAE 

Physalis  heterophylla  Nees:  5,  6;  P  30129 
Solanum  carolinense  L.:  5,  6;  P  29972 
*  Solarium  dulcamara  L.:  2,  3;  P  29892 
Solanum  ptycanthum  Dunal:  2,  3;  P  2991 1 

STYRACACEAE 
Styrax  americana  Lam.:  3;  P  29936 

ULMACEAE 

Celtis  occidentalis  L.:  3;  P  30081 
Ulmus  americana  L.:  2,  3,  4,  6;  P  30057 
Ulmus  rubra  Muhl.:  3,  4;  P  30074 

URTICACEAE 

Boehmeria  cylindrica  (L.)  Sw.:  2,  3,  5,  6;  P 
29897 

Laportea  canadensis  (L.)  Wedd.:  2,  3;  P 
30079 

Parietaria  pensylvanica  Muhl.:  3;  site 
record  only 


Pilea pumila  (L.)  Gray:  1,  2,  3;  P  29899 
Urtica  dioica  L.:  2,  4;  P  30027 

VERBENACEAE 

Phyla  lanceolata  (Michaux)  Greene:  1,  2;  P 
29919 

Verbena  hastata  L.:  6;  P  29956 
Verbena  stricta  Vent.:  6;  P  30128 
Verbena  urticifolia  L.:  6;  P  30981 

VIOLACEAE 

Viola  pratincola  Greene:  3,  6;  P  30076 
Viola  sagittata  Aiton:  4,  5;  P  30343 

VITACEAE 

Parthenocissus  quinquefolia  (L.)  Planch.:  3, 
4,  6;  P  31231 

Vitis  riparia  Michaux:  2,  3,  4,  5,  6;  P  29961 
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Reproduction  in  Four  Species  of 
Dendrophidion  from  Costa  Rica 
(Serpentes:  Colubridae) 


Stephen  R.  Goldberg 
Whittier  College 
Biology  Department 
Whittier,  CA  90608 

ABSTRACT 

Gonadal  tissues  from  43  museum  specimens  of  four  species  of  Dendrophidion :  D. 
nuchale,  D.  paucicarinatum,  D.  percarinatum  and  D.  vinitor  were  examined  histologi¬ 
cally.  Four  gravid  D.  paucicarinatum  contained_3  to  12  eggs  (X  =  9.0  ±  4.2  SD);  six 
gravid  D.  percarinatum  contained  4  to  5  eggs  ( X  =  4.7  ±  0.55  SD);  and  three  gravid  D. 
vinitor  contained  4  to  5  eggs  ( X  =  4.3  ±  0.58  SD).  One  D.  paucicarinatum  female  col¬ 
lected  in  April  contained  oviductal  eggs  and  was  also  undergoing  yolk  deposition  in 
ovarian  follicles  for  a  subsequent  clutch,  which  suggests  Dendrophidion  paucicarinatum 
females  may  produce  more  than  one  clutch  a  year.  The  smallest  gravid  female  (D.  vini¬ 
tor)  measured  553  mm  SVL.  Dendrophiodion  males  were  found  to  undergo  spermio- 
genesis  during  April  to  December  suggesting  year-round  sperm  production.  The  smallest 
spermiogenic  male  (D.  vinitor )  measured  420  mm  SVL. 


INTRODUCTION 

Dendrophidion  is  a  genus  of  diurnal,  semiarboreal  snakes  (racers)  that  range  from  south¬ 
ern  Veracruz,  Mexico,  to  northeastern  Brazil  and,  in  the  Amazon  basin,  to  northern 
Bolivia  and  Ecuador  (Savage,  2002).  Little  information  is  available  on  their  reproductive 
biology.  Campbell  (1998)  and  Lee  (2000)  reported  that  Dendrophidion  nuchale  produces 
a  clutch  of  about  six  eggs  and  D.  vinitor  is  oviparous.  The  biology  of  D.  nuchale,  D. 
paucicarinatum,  D.  percarinatum  and  D.  vinitor  are  summarized  by  Lieb  (1991a,  1991b, 
1991c,  1996).  The  purpose  of  this  paper  is  to  report  information  on  the  ovarian  and  tes¬ 
ticular  cycles  from  a  histological  examination  of  museum  specimens  of  four  species  of 
Dendrophidion. 


METHODS 

Forty-three  snakes  from  Costa  Rica  from  the  Natural  History  Museum  of  Los  Angeles 
County  (Appendix)  were  examined:  Dendrophidion  nuchale  (N_=  4),  1  female  (780  mm 
snout-vent  length,  SVL),  1  male  (671  mm  SVL),  2  juveniles  (X  =  390  mm  SVL  ±  21 
SD,  range  =  375-405  mm);  Dendrophidion  paucicarinatum  (N  =  8),  5  females  (  X  =  853 
mm  SVL  ±  109  SD,  range  =  735-960  mm),  3  males  (  X  =  703  mm  SVL  ±  109  SD,  range 
=  618-826  mm);  Dendrophidion  percarinatum  (N  =  13),  9  females  (X  =  601  mm  SVL  ± 
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48  SD,  range  =  515-683  mm),  4  males  ( X  =  557  mm  SVL  ±  20  SD,  range  =  540-585 
mm)  and  Dendrophidion vinitor  (n  =  18)  8  females  (  X  =  587  mm  SVL  ±  34  SD,  range  = 
543-642  mm),  8  males  ( X  =  534  mm  SVL  ±  57  SD,  range  =  420-600  mm),  2  juveniles 
( X  =  364  mm  SVL  ±  55  SD,  range  =  325-402).  The  snakes  had  been  collected  from 
1966-1996.  They  were  initially  fixed  in  10%  formalin  and  preserved  in  70%  ethanol.  The 
left  testis,  vas  deferens  and  a  portion  of  the  kidney  were  removed  from  males,  and  the  left 
ovary  was  removed  from  females  for  histological  examination.  Tissues  were  embedded  in 
paraffin,  sectioned  at  5  pm,  and  stained  with  Harris’  hematoxylin  followed  by  eosin.  Sec¬ 
tions  mounted  on  slides  were  examined  to  determine  stage  of  the  testicular  cycle  and  for 
yolk  deposition  (secondary  vitellogenesis  sensu  Aldridge,  1979). 

RESULTS 

Clutch  sizes  for  Dendrophidion  (enlarged  ovarian  follicles  >12  mm  length  or  oviductal 
eggs)  are  presented  in  Table  1.  A  female  D.  nuchale  from  September  was  not  undergoing 
yolk  deposition.  Four  gravid  D.  paucicarinatum  contained  3  to  12  eggs,  X  =  9.0  ±  4.2 
SD.  One  D.  paucicarinatum  (LACM  149219)  collected  in  April  (Table  1)  had  3  oviductal 
eggs  and  was  undergoing  secondary  vitellogenesis  in  ovarian  follicles  (sensu  Aldridge, 
1979)  for  a  subsequent  clutch.  One  female  collected  in  June  was  not  undergoing  yolk 
deposition.  Six  gravid  D.  percarinatum  contained  4  to  5  eggs,  X  =  4.7  eggs  ±  0.55  SD. 
Three  females  (2  collected  in  July,  1  in  October)_were  not  undergoing  yolk  deposition. 
Three  gravid  D.  vinitor  contained  4  to  5  eggs,  X  =  4.3  ±  0.58  SD,  range  4-5.  One  D. 
vinitor  female  collected  26  April  was  undergoing  yolk  deposition,  but,  some  follicles 
were  too  small  for  estimating  clutch  size.  One  D.  vinitor  collected  in  June,  2  in  August 
and  1  in  October  were  not  undergoing  yolk  deposition.  The  smallest  gravid  Dendrophid¬ 
ion  (553  mm  SVL)  was  a  D.  vinitor  with  five  yolked  follicles  >  12  mm  length  (Table  1). 

All  adult  Dendrophidion  males  were  undergoing  spermiogenesis  (Table  2).  The  smallest 
reproductively  active  male  (spermiogenesis  in  progress)  was  a  D.  vinitor  (LACM 
148610)  that  measured  420  mm  SVL.  All  vasa  deferentia  contained  sperm  and  all  kidney 
sexual  segments  were  hypertrophied  in  adult  males  of  D.  nuchale,  D.  paucicarinatum,  D. 
pericarinatum  and  D.  vinitor.  The  following  four  males  were  considered  as  juveniles 
since  the  body  size  at  which  sperm  would  have  been  produced  is  unknown.  Two  D. 
nuchale  (LACM  148554)  SVL  405  mm  and  collected  in  July,  and  (LACM  148555)  SVL 
375  mm  and  collected  in  March,  contained  spermatogonia  but  no  spermatocytes  or  sper¬ 
matids  in  their  seminiferous  tubules.  One  D.  vinitor  (LACM  148604)  325  mm  SVL  and 
collected  in  November  had  a  recrudescent  testis  (primary  and  secondary  spermatocytes 
and  some  spermatids),  none  of  which  were  metamorphosing  into  sperm.  The  testis  of 
another  D.  vinitor  (LACM  148602)  402  mm  SVL  and  collected  in  July  contained  small 
clusters  of  metamorphosing  spermatids,  but  no  sperm. 

DISCUSSION 

Clutch  sizes  for  D.  paucicarinatum,  D.  percarinatum  and  D.  vinitor  are  in  Table  1.  The 
finding  of  one  female  D.  paucicarinatum  (LACM  149219)  with  eggs  in  the  oviducts  and 
concurrent  yolk  deposition  in  ovarian  follicles  suggests  more  than  one  egg  clutch  may  be 
produced  in  the  same  year.  This  contrasts  with  colubrid  snakes  in  the  north  temperate 
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zone,  which  apparently  are  limited  to  a  single  clutch  per  year  (see  Goldberg,  2000,  2001, 

2002). 

All  adult  males  examined  were  undergoing  spermiogenesis.  The  small  sample  sizes  do 
not  allow  description  of  the  testicular  cycle.  However  collectively,  spermiogenic  males  of 
Dendrophidion  were  collected  during  April  to  December  suggesting  an  extended  period 
of  sperm  formation.  Goldberg  (2003)  found  that  males  of  the  colubrid  snake  Drymobius 
margaritferus  from  Mexico  and  Central  America  undergo  spermiogenesis  throughout  the 
year. 
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APPENDIX 

Specimens  of  Dendrophidion  from  Costa  Rica  examined  from  the  Natural  History 
Museum  of  Los  Angeles  County  (LACM). 

Dendrophidion  nuchale  (N  =  4)  Puntarenas  Province  148553-148556. 

Dendrophidion  paucicarinatum  ( N  =  8)  Alajuela  Province  149215;  Heredia  Province 
149219;  Puntarenas  Province  149213,  149214,  149216,  149217,  149220,  149222. 

Dendrophidion  pericarinatum  (N  =  13)  Alajuela  Province  148580;  Cartago  Province 
148579;  Heredia  Province  148585,  148586;  Limon  Province  148581,148582,148587; 
Puntarenas  Province  114102,  114104,  148560,  148562,  148564,  148565. 

Dendrophidion  vinitor  (N  =  18)  Guanacaste  Province  148589;  Heredia  Province  148593, 
148595,  148598,  148600,148604,148605,148609,  148610;  Puntarenas  Province  114106, 
114107, 148590,  148592,  148596,  148599,  148602,  148606,  148608. 
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Table  1.  Clutch  sizes  of  three  species  of  Dendrophidion  from  Costa  Rica  estimated  from 
counts  of  yolked  ovarian  follicles  >  12  mm  length  or  oviductal  eggs*. 


Date  of  SVL  Clutch  size  Province  LACM  No. 

Collection _ (mm) _ 

Dendrophidion  paucicarinatum 


18  April 

735 

3* 

Heredia 

149219 

15  July 

923 

12* 

Alajuela 

149215 

23  July 

960 

12 

Puntarenas 

149213 

13  August 

910 

9 

Puntarenas 

149222 

Dendrophidion  percarinatum 

16  March 

575 

4 

Limon 

148582 

25  May 

638 

5* 

Puntarenas 

114102 

27  May 

580 

5* 

Heredia 

148586 

31  May 

621 

5 

Puntarenas 

114104 

5  July 

627 

4 

Puntarenas 

148562 

25  September 

585 

5* 

Heredia 

148585 

Dendrophidion  vinitor 

24  May 

602 

4* 

Puntarenas 

114107 

24  July 

600 

4* 

Puntarenas 

114106 

1 1  December 

553 

5 

Heredia 

148598 
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Table  2.  Male  Dendrophidion  from  Costa  Rica  undergoing  spermiogenesis. 


Date 

SVL  (mm) 

Province 

LACM  No. 

Dendrophidion  nuchale 

26  April 

671 

Puntarenas 

148553 

Dendrophidion  paucicarinatum 

21  July 

618 

Puntarenas 

149220 

22  July 

665 

Puntarenas 

149216 

3  October 

826 

Puntarenas 

149217 

Dendrophidion  pericarinatum 

5  July 

557 

Limon 

148587 

5  August 

540 

Limon 

148581 

19  September 

585 

Alajuela 

148580 

4  October 

545 

Cartago 

148579 

Dendrophidion  vinitor 

16  April 

483 

Heredia 

148600 

20  April 

571 

Puntarenas 

148608 

3  May 

420 

Heredia 

148610 

4  June 

600 

Puntarenas 

148590 

26  August 

555 

Puntarenas 

148606 

September 

526 

Puntarenas 

148599 

November 

557 

Heredia 

148595 

9  December 

562 

Heredia 

148593 
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ABSTRACT 

Feral  hogs  ( Sus  scrofa )  recently  have  been  introduced  to  Illinois.  They  are  important  to 
resource  managers  because  of  their  potentially  negative  ecological  and  economic 
impacts.  We  assessed  the  distribution,  habitat  use,  and  body  morphology  of  feral  hogs  in 
Illinois.  We  confirmed  the  occurrence  of  feral  hogs  in  Fulton,  Hardin,  Johnson,  Law¬ 
rence,  Massac,  Pope,  Randolph,  and  Union  counties.  Forest  and  croplands  probably  are 
the  most  important  habitats  for  feral  hogs  in  Illinois.  We  found  free-ranging  hogs  in  Illi¬ 
nois  included  four  previously  described  morphotypes  with  distinguishable  physi¬ 
cal/cranial  characteristics:  domestic  hogs,  feral  hogs,  hybrids,  and  Eurasian  wild  hogs. 
However,  32.6%  of  individuals  were  outside  of  these  previously  described  morphotypes. 
External  morphology  and  pelage  usually  were  consistent  with  cranial  analysis  in  deter¬ 
mining  morphotypes.  Whole  and  dressed  body  weight  regression  indicated  that  dressed 
weight  was  about  85%  of  whole  weight.  We  suggest  that  the  goal  of  resource  managers  in 
Illinois  should  be  to  contain  or  eradicate  existing  feral  hog  populations.  This  should  be 
addressed  while  populations  are  small  and  relatively  isolated.  If  current  practices  con¬ 
tinue,  feral  hogs  have  the  potential  to  eventually  increase  in  density  and  distribution 
throughout  much  of  Illinois. 

Key  words:  exotic,  feral  hogs,  introductions,  Sus  scrofa 


INTRODUCTION 

Feral  hogs  {Sus  scrofa )  have  been  introduced  repeatedly  to  North  America  during  the  last 
500  years  (Mayer  and  Brisbin,  1991).  Hernando  De  Soto  and  other  explorers  brought 
hogs  with  them  to  supply  fresh  meat  on  their  journeys  from  the  1500s  onward.  Some  of 
these  animals  escaped  and  initiated  feral  hog  populations  (Towne  and  Wentworth,  1950). 
Hundreds  of  subsequent  introductions  have  been  made  and  continue  to  the  present  day. 
Feral  hogs  now  exist  in  at  least  23  continental  states  and  Hawaii  (Sweeney  et  al.,  2003), 
but  only  recently  have  been  introduced  to  Illinois  (Gipson  et  al.,  1998).  Feral  hogs  were 
first  reported  in  Union  County,  Illinois,  in  1993  (Grund  et  al.,  2000).  Since  then,  they 
have  been  documented  in  at  least  10  Illinois  counties  (Esker,  2001),  as  well  as  the  bor- 
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dering  states  of  Missouri  and  Indiana.  Feral  hog  introductions  to  Illinois  result  primarily 
from  deliberate  attempts  by  private  individuals  to  establish  populations  for  hunting,  and 
rarely  are  the  result  of  escaped  domestic  animals.  Unfortunately,  feral  hogs  damage  crops 
and  pastures  by  rooting,  trampling,  and  direct  consumption.  They  compete  with  native 
wildlife,  damage  native  plants,  and  expose  domestic  livestock  to  diseases.  Pimentel  et  al. 
(2000)  estimated  that  feral  hogs  cause  $800  million  of  loss  and  damages  annually  in  the 
United  States.  An  additional  $500,000  is  spent  to  control  or  remove  pigs  from  private, 
state,  and  federal  lands. 

Our  objectives  were  to:  1)  determine  the  current  distribution  and  habitat  use  of  feral  hogs 
in  Illinois;  2)  determine  the  occurrence  of  different  morphotypes  in  the  state  based  on  cra¬ 
nial  and  pelage  characteristics,  and  external  body  measurements;  and  3)  determine  whole 
and  dressed  body  weight  relationships. 

METHODS  AND  MATERIALS 


Distribution 

We  assessed  distribution  of  hogs  throughout  Illinois  by  contacting  hunters,  landowners, 
and  representatives  of  state  and  federal  management  agencies.  We  also  hunted  and 
trapped  hogs  to  collect  specimens.  Sliding  door  box  traps  (1.6  x  1  x  2  m)  were  baited 
with  corn,  commercial  hog  feed,  and  various  attractants.  From  one  to  three  traps  were 
operated  for  a  total  of  49  nights,  but  were  unsuccessful  at  collecting  any  feral  hogs.  A 
combination  of  stand  and  still-hunting  techniques  was  employed  in  daylight  and  night¬ 
time  conditions  in  an  attempt  to  collect  feral  hogs.  We  spent  a  total  of  168  field  days 
scouting,  hunting,  trapping,  and  collecting  information  on  feral  hogs.  Skulls  or  carcasses 
of  hogs  killed  in  Illinois  by  others  also  where  collected  when  available. 

Habitat  Analyses 

Known  feral  hog  kill  sites  recorded  during  this  study,  and  from  Grund  et  al.  (2000),  were 
plotted  on  United  States  Geological  Survey  (USGS)  digital  topographic  7.5’  quadrangles 
from  the  Illinois  Natural  Resources  Geospatial  Data  Clearinghouse.  There  was  one  site 
per  animal,  except  in  the  case  of  seven  neonates  collected  in  the  same  location,  which 
were  represented  by  only  one  point  in  analyses.  The  plotted  locations  were  then  overlaid 
on  USGS  National  Land  Cover  Data  using  Arcview  GIS  3.2.  Landcover  data  were  reclas¬ 
sified  as:  open  water,  forest,  grassland/herbaceous,  pasture,  wetland,  crops,  developed, 
and  other.  Locations  of  feral  hog  kills  were  buffered  to  a  1000-m  radius.  Landcover  was 
then  tabulated  for  each  buffer,  divided  by  total  area  of  the  buffer,  and  recorded  as  a  per¬ 
cent  covertype  for  each  of  the  eight  categories.  Feral  hog  kill  site  locations  in  Southern 
Illinois  (SIL;  n  =  18)  were  grouped  for  comparison  to  kill  sites  in  Fulton  County,  Illinois 
(FCIL;  n  =  15).  Two  random  sample  datasets,  representing  sites  without  feral  hogs  (n  = 
1 7  grouped  individual  locations  for  each)  were  tabulated  through  the  Animal  Movements 
extension  of  Arcview  GIS  3.2  to  sample  all  landcover  south  of  Peoria,  Illinois.  These 
were  buffered,  and  percent  covertypes  were  tabulated  for  each  composite  random  loca¬ 
tion.  Habitat  characteristics  of  the  four  datasets  (SIL  and  FCIL  with  feral  hogs;  random 
data  sets  RD1  and  RD2  without  hogs)  were  compared  using  an  analysis  of  variance 
model  (SPSS  1 1.5)  and  Tukey  post  hoc  analysis. 
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Body  and  Cranial  Morphology 

Morphotype  of  each  hog  collected  was  determined  from  a  combination  of  cranial  meas¬ 
urements,  external  body  measurements,  and  pelage/coat  color  patterns.  Mayer  and  Bris- 
bin  (1991)  described  four  general  morphotypes  for  Sus  scrofa\  domestic,  feral,  hybrid 
European  x  feral,  and  European  wild  hog.  Morphotypes  were  based  on  52  skull  meas¬ 
urements  using  stepwise  discriminant  function  analysis  for  each  of  five  age  classes  (neo¬ 
nate,  juvenile,  yearling,  subadult,  adult)  and  sex.  Using  the  first  two  discriminant  func¬ 
tions,  sets  of  predictive  variables  for  neonates,  juveniles,  and  yearlings,  and  for  male  and 
female  subadults  and  adults  were  developed.  The  15  cranial  measurements  (Appendix  1) 
described  by  Mayer  and  Brisbin  (1991)  that  differentiate  age-specific  morphotypes  were 
applied  to  the  specimens  collected  to  determine  morphotype.  We  took  all  measurements 
with  a  300-mm  dial  caliper  to  the  nearest  0.1  mm.  We  estimated  age  of  feral  hogs  by 
tooth  eruption  patterns  described  by  Mayer  and  Brisbin  (1991).  Pelage  color  and  pattern, 
when  available,  also  were  used  to  assess  morphotype  of  animals. 

Seven  external  body  measurements  were  taken  on  the  hogs  collected:  total  length,  head- 
body  length,  tail  length,  hind  foot  length,  ear  length,  shoulder  height,  and  snout  length. 
These  aided  in  differentiation  of  presumptive  morphotypes.  Measurements  were  taken 
with  a  steel  tape  to  the  nearest  0.125  in,  then  converted  to  millimeters  for  analyses. 

Whole  and  dressed  body  weights  were  collected  with  a  136-kg  spring  scale.  In  this  study 
we  define  whole  weight  as  the  intact  carcass,  and  dressed  weight  as  the  carcass  minus  all 
entrails,  including  the  heart  and  lungs.  A  regression  of  whole  and  dressed  body  weights 
was  performed  using  JMP  5.0.1  computer  software. 

Disease  Testing 

Blood  samples  from  the  heart  or  body  cavity  of  feral  hogs  we  collected  were  sent  to  the 
Illinois  Department  of  Agriculture  Bureau  of  Animal  Disease  laboratories  in  Centralia 
and  Galesburg,  Illinois.  Blood  was  tested  for  disease  as  follows:  brucellosis  by  buffered 
antigen  plate  agglutination,  pseudorabies  by  1 :4  dilution  ratio  serum  neutralization,  por¬ 
cine  respiratory  and  reproductive  syndrome  with  enzyme-linked  immunosorbent  assay, 
and  leptospirosis  by  microtiter  agglutination  test. 

RESULTS 


Distribution 

We  collected  the  crania  of  39  feral  hogs  from  Fulton,  Hardin,  Johnson,  Lawrence,  Mas¬ 
sac,  Pope,  and  Union  counties.  An  additional  four  complete  crania  and  mandibles  were 
collected  from  an  enclosed  hunting  operation  in  Edgar  County.  A  free-ranging  feral  hog 
belonging  to  a  private  landowner  in  Randolph  County  was  observed,  as  well  as  another 
30  animals  housed  in  a  breeding  facility  at  this  site.  Additionally,  we  obtained  a  hog 
mandible  from  Moultrie  County  that  was  found  by  a  local  sportsman.  We  received 
reports  of  feral  hogs  in  five  other  counties  (Alexander,  Gallatin,  Jackson,  Monroe, 
Pulaski)  but  they  could  not  be  confirmed. 

Habitat  Use 

There  were  no  significant  differences  between  the  random  data  sets  RD1  and  RD2  for 
any  cover  type.  There  was  a  significant  difference  in  the  amount  of  forest  cover  between 
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the  Fulton  County  (58.9%)  and  Southern  Illinois  (39.6%)  study  areas  (F  =  13.10;  d.f.  =  1, 
32;  P  =  0.001).  Both  were  significantly  more  forested  than  either  of  the  random  data  sets 
(SIL/RD1:  F  =  19.36;  d.f.  =  1,  34;  P  =  0.000;  SIL/RD2:  F  =  9.72;  d.f.  =  1,  34;  P  -  0.004; 
FCIL/RD 1 :  F  =  118.24;  d.f.  =  1,  31;  P  =  0.000;  FCIL/RD2:  F  =  58.12;  d.f.  =  1,  31;  P  = 
0.000).  There  was  no  significant  difference  in  the  amount  of  cropland  between  FCIL 
(25.1%)  and  SIL  (16.1%).  Both  had  significantly  less  cropland  than  either  of  the  random 
data  sets  (FCIL/RD1:  F  =  23.28;  d.f.  =  1,  31;  P  =  0.000;  FCIL/RD2:  F  =  7.94;  d.f.  =  1, 
31;  P  =  0.008;  SIL/RD1:  F  =  45.71;  d.f.  =  1,  34;  P  =  0.000;  SIL/RD2:  F  =  19.56;  d.f.  =  1, 
34;  P  =  0.000;).  Percent  grass/herb  was  significantly  different  only  for  SIL  and  RD1  (F  = 
12.26;  d.f.  =  1,  34;  P  =  0.001).  Percent  pasture  was  significantly  different  between  FCIL 
and  SIL  (F  =  20.03;  d.f.  =  1,  32;  P  =  0.000),  and  FCIL  and  RD2  (F  =  14.47;  d.f.  =  1,  31;  P 
=  0.001).  Percent  wetland  was  significantly  different  between  SIL  and  all  other  data  sets: 
SIL/FCIL  (F  =  8.36;  d.f.  =  1,  32;  P  =  0.007),  SIL/RD1  (F  =  10.71;  d.f.  =  1,  34;  P  = 
0.003),  and  SIL/RD2  (F  =  6.44;  d.f.  =  1,  34;  P  =  0.016). 

Body  and  Cranial  Morphology 

Based  on  the  discriminant  functions  of  Mayer  and  Brisbin  (1991),  three  of  seven  neonatal 
crania  collected  in  Illinois  were  classified  as  feral  hogs.  One  fell  in  an  area  of  overlap 
between  feral  hogs  and  hybrids.  The  other  three  were  outside  of  the  described  areas  for 
all  morphotypes,  but  were  closest  to  domestic  hogs.  Of  the  14  juvenile  crania  we  col¬ 
lected,  there  were  4  domestic  hogs,  1  Eurasian  wild  hog,  2  feral,  and  4  were  in  an  area  of 
overlap  for  feral  hogs  and  domestic  swine.  Three  juveniles  were  outside  all  described 
areas:  one  was  closest  to  domestic  swine,  one  closest  to  Eurasian  wild  hog,  and  one  clos¬ 
est  to  the  hybrid  area.  Five  of  the  12  crania  of  yearlings  fell  within  the  area  demarcated  as 
hybrids.  Two  were  feral  hogs.  Five  specimens  were  outside  all  described  morphotypes: 
three  were  closest  to  hybrids,  one  was  closest  to  domestic  swine,  and  one  was  closest  to 
Eurasian  wild  hog. 

Crania  from  three  subadult  males  were  obtained:  one  was  a  feral  hog,  one  a  hybrid,  and 
the  other  a  Eurasian  wild  hog.  The  Eurasian  wild  hog  was  from  the  breeding  program  in 
Paris,  IL.  We  collected  no  subadult  females.  Of  four  adult  female  crania  obtained,  one 
was  a  domestic  hog,  but  with  characteristics  close  to  feral  hogs,  one  was  a  feral  hog,  and 
one  was  a  Eurasian  wild  hog.  The  last  was  outside  of  all  described  morphotype  areas,  but 
was  closest  to  Eurasian  wild  hog.  We  obtained  three  adult  males;  one  in  an  area  of  over¬ 
lap  with  hybrid  and  feral  hogs.  The  other  two  animals  fell  outside  of  all  described  mor¬ 
photypes.  They  were  equidistant  to  the  mean  center  of  discriminant  space  for  feral  hogs 
and  hybrids.  Morphotypes  of  all  hogs  we  collected  were:  11.6%  domestic,  20.9%  feral, 
13.9%  hybrid,  7.0%  Eurasian  wild  hog,  14.0%  overlap  between  feral  and  hybrid,  or  feral 
and  domestic,  and  32.6%  outside  of  all  described  morphotype  areas. 

We  found  seven  coat  color  patterns  among  27  feral  hogs  in  Illinois.  These  included:  all 
black  (n  =  8);  all  red/brown  (n  =  6);  black  and  white  spotted  (n  =  5);  black  with  white 
shoulder  belt  (n  =  4);  wild/grizzled  (n  =  2);  black  with  tan  front  legs  (n  =  1);  and  black 
and  red/brown  spotted  (n  =  1). 

Mean  values  for  whole  weight  and  body  measurements  within  each  age  class  (sexes  com¬ 
bined)  are  given  in  Table  1.  Both  whole  and  dressed  body  weights  were  obtained  from  19 
feral  hogs,  ranging  in  age  from  neonates  to  adults.  Dressed  weight  generally  was  about 
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85%  of  whole  weight.  The  least  squares  linear  regression  for  sexes  combined  was:  whole 
weight  =  1.8525  +  1.1557  (dressed  weight)  with  R2  =  0.998. 

Disease  Testing 

No  evidence  of  brucellosis,  pseudorabies,  or  PRRS  was  found  in  blood  samples  from  15 
feral  hogs  tested.  However,  two  samples  had  titers  of  1:100  and  1:200,  respectively,  for 
one  species  of  leptospirosis.  This  was  most  likely  the  result  of  vaccination  (Illinois 
Bureau  of  Animal  Disease  Laboratory,  pers.  comm.  2002). 

Reproduction 

Seven  sows  collected  were  visibly  pregnant.  They  were  collected  in  December  (n  =  2), 
March  (n  =  2),  April  (n  =  1),  and  May  (n  =  2).  Of  these,  information  on  the  number  of 
fetuses  was  recorded  for  only  two  sows,  which  had  4  and  5  fetuses,  respectively. 

DISCUSSION 


Distribution  and  Habitat 

The  two  most  important  habitats  for  feral  hogs  in  Illinois  are  forested  and  agricultural 
areas.  Crops  can  provide  needed  nutrients  at  certain  times  of  the  year.  Because  reproduc¬ 
tion  is  strongly  linked  to  nutrition,  agricultural  areas  may  be  important  to  the  reproductive 
success  of  feral  hogs.  The  Fulton  County  and  Southern  Illinois  study  areas  were  similar 
in  that  both  were  significantly  less  cultivated  than  random  areas.  Nonetheless,  they  pro¬ 
vided  sufficient  agricultural  resources  for  feral  hogs.  Forest  provides  both  cover  and  food 
for  hogs.  Hard  mast  and  herbaceous  understory  plants  are  important  parts  of  the  diets  of 
feral  hogs  in  many  parts  of  the  country  (Henry  and  Conley,  1972;  Howe  et  al.,  1981). 
Because  habitat  is  highly  fragmented  in  Illinois,  and  crops  are  available  throughout  the 
state,  hogs  may  select  areas  that  have  a  balance  of  forested  and  agricultural  habitats  that 
provide  optimum  feeding  opportunities  and  shelter  throughout  the  year.  There  was  no 
clear  relationship  that  would  suggest  grass/herb  or  pasture  habitats  were  important  in  hog 
distribution.  Southern  Illinois  had  a  higher  percentage  of  wetland  than  the  other  areas,  but 
again  we  suggest  that  wetlands  are  not  a  primary  determinant  in  the  distribution  of  hogs. 
Finally,  to  a  large  extent,  the  current  distribution  of  feral  hogs  in  Illinois  probably  is  less  a 
function  of  habitat  selection  than  a  reflection  of  where  they  have  been  released.  Because 
habitat  conditions  are  appropriate,  there  currently  is  little  incentive  for  the  animals  to 
widely  disperse. 

Morphology 

External  morphology  and  pelage  were  consistent  with  cranial  analysis  in  determining 
morphotypes  of  hogs  in  all  but  3  cases.  Two  specimens  were  considered  feral  animals 
based  on  cranial  analysis,  but  had  external  body  measurements  representative  of  domestic 
hogs.  The  other  specimen  was  a  Eurasian  wild  hog  based  on  cranial  analysis.  However,  it 
had  solid  red/brown  coat  color,  which  is  not  found  in  Eurasian  wild  hogs,  and  external 
body  measurements  more  representative  of  domestic  hogs.  These  animals  were  3  of  24 
individuals  (12.5%)  in  which  cranial,  pelage,  and  body  measurement  data  were  collected. 
Because  cranial  analysis  was  in  agreement  with  external  morphology  and  pelage  colora¬ 
tion  for  87.5%  of  our  sample,  morphological  analysis  of  hogs  based  only  on  crania  may 
be  viewed  with  confidence. 
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The  low  number  of  domestic  hogs  (11.6%)  in  our  sample  indicates  that  animals  we  col¬ 
lected  were  not  escapees  from  commercial  hog  farms.  The  presence  of  feral  hogs 
(18.6%),  hybrids  (13.9%)  and  Eurasian  wild  boars  (9.3%)  is  strong  evidence  of  the 
importation  and  release  of  hogs  in  Illinois.  The  high  proportion  of  samples  (32.6%)  that 
were  outside  discriminant  space  for  all  previously  described  morphotypes  may  be  the 
result  of  extensive  crossbreeding  of  feral  or  hybrid  stock  with  the  variety  of  domestic 
breeds  common  to  Illinois.  Mayer  and  Brisbin  (1991)  used  skulls  from  known  popula¬ 
tions  of  domestic,  feral,  hybrid,  and  Eurasian  wild  hog  to  establish  the  cranial  discrimi¬ 
nant  functions  used  in  our  analyses.  Of  the  four  described  morphotypes,  we  expect 
domestic,  feral,  and  Eurasian  wild  boar  populations  would  have  less  genetic  diversity 
than  hybrid  populations.  The  term  “hybrid”  implies  a  cross  between  animals  wholly  or 
partially  representing  European  wild  hogs  genetically  and  any  of  the  previously  defined 
morphotypes.  Thus,  we  expect  skull  morphology  to  encompass  a  wide  spectrum  of  values 
in  a  discriminant  function  analysis. 

We  found  that  dressed  weight  was  about  85%  of  whole  body  weight  over  the  entire  range 
of  age  groups  sampled.  This  is  somewhat  higher  than  the  ratio  reported  by  Henry  (1969) 
for  Eurasian  wild  hogs  in  Tennessee.  He  found  that  dressed  weight  of  males  and  females 
averaged  about  78%  of  whole  weight.  Illinois  represents  a  very  productive  environment 
for  feral  hogs.  The  abundance  of  crops  and  mast  lead  to  very  healthy,  well-developed 
feral  hogs.  All  hogs  we  collected  had  large  amounts  of  both  subcutaneous  and  visceral 
fat,  and  were  in  excellent  condition. 

The  15  blood  samples  we  collected  are  not  enough  to  assess  the  presence  of  disease  in 
feral  hogs  in  Illinois.  Feral  hogs  in  other  states  are  known  to  carry  many  diseases  (Hanson 
and  Karstad,  1959;  Wood  et  al.,  1976;  Zygmont  et  al.,  1982;  Clark  et  al.,  1983;  Corn  et 
al.,  1986;  Van  der  Leek  et  al.,  1993).  Feral  hogs  in  Illinois  should  be  viewed  as  a  threat  to 
domestic  stock.  The  two  individuals  that  had  low  titers  for  leptospirosis  apparently  were 
vaccinated  before  release.  One  was  a  hybrid;  the  other  was  outside  of  all  described  mor¬ 
photypes,  but  was  closest  to  hybrids  in  cranial  analysis.  Thus,  they  were  not  simply 
escaped  domestic  hogs.  Future  releases  of  feral  hogs  certainly  enhance  the  probability 
that  swine  diseases  will  be  introduced  to  Illinois  (if  they  are  not  already  present)  and 
could  negatively  impact  disease  eradication  programs  for  domestic  swine. 

The  two  litters  recorded  (4  and  5  fetuses)  were  consistent  with  expected  litter  size  for 
feral  hogs  (Barrett,  1978;  Sweeny  et  al.,  1979;  Baber  and  Coblentz,  1986;  Taylor  et  al., 
1998).  The  time  of  year  when  we  found  pregnant  sows,  December  through  May,  likely 
reflects  the  lack  of  collection  during  summer  and  early  fall,  rather  than  trends  in  breeding 
behavior  in  Illinois.  Important  factors  in  the  reproductive  success  of  hogs  in  other  areas 
are  nutrition,  weather  conditions,  and  water  availability.  Food  and  water  are  readily 
available  in  Illinois,  and  weather  conditions  are  relatively  mild  and  consistent  from  year 
to  year  in  central  and  southern  Illinois.  As  noted  previously,  the  body  condition  of  all 
feral  hogs  we  collected  was  excellent.  There  is  probably  little  limitation  on  the  breeding 
potential  of  feral  hogs  in  Illinois.  In  areas  where  hogs  are  at  low  densities,  however, 
breeding  opportunities  may  be  the  limiting  factor.  This  “lag  phase”  of  population  growth 
eventually  can  become  exponential  growth,  however. 
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Invasive  (Exotic)  Species 

Kolar  and  Lodge  (2001)  identified  three  stages  or  “transitions”  of  exotics  as  transporta¬ 
tion,  release,  and  establishment.  Feral  hogs  always  are  intentionally  transported  through 
prolific  trapping,  trading,  and  relocation  throughout  the  United  States.  Upon  release,  non¬ 
native  species  must  be  able  to  meet  their  basic  needs  of  food,  water,  and  shelter  in  their 
new  environment.  As  noted,  the  needs  of  feral  hogs  are  clearly  met  in  Illinois  and  numer¬ 
ous  other  areas  throughout  North  America.  Because  of  efficient  and  adaptable  feeding 
strategies  and  social  behaviors,  feral  hogs  can  compete  well  with  native  Illinois  species 
including  white-tailed  deer  ( Odocoileus  virginianus )  and  turkey  ( Meleagris  gallopavo). 
Establishment  of  an  exotic  species  can  be  invasive  or  noninvasive.  Kolar  and  Lodge 
(2001)  define  noninvasive  establishments  as  those  where  species  become  established  but 
remain  in  a  localized  area  close  to  the  point  of  release.  Invasive  establishment  includes 
wide  dispersal  throughout  a  new  region.  Although  most  populations  currently  are  small 
and  isolated  in  Illinois,  feral  hogs  have  the  potential  for  rapid  increase  in  density  and  dis¬ 
tribution  throughout  much  of  the  state.  Once  a  species  becomes  established,  eradication 
may  be  impossible,  and  control  becomes  increasingly  expensive. 

Feral  hogs  are  among  the  most  damaging  exotic  animals  that  have  been  introduced  to  the 
United  States.  They  damage  crops  and  pastures  by  rooting,  trampling,  or  consumption; 
dams,  watering  areas,  and  roads  are  affected  by  wallowing  and  rooting;  fences  are  torn  or 
lifted;  and  livestock  face  competition  and  exposure  to  diseases.  In  addition  to  agricultural 
losses,  feral  hogs  damage  native  plants  and  compete  with  wildlife.  Alternatively,  hunting 
feral  hogs  is  a  very  popular  activity.  Magazines  and  web  sites  provide  a  forum  for  hog 
hunting  enthusiasts  across  the  United  States  to  interact,  which  can  result  in  the  allocation 
of  feral  hogs  for  release  into  new  areas.  Small  numbers  of  feral  hogs  can  be  transported 
very  inconspicuously,  which  can  easily  mitigate  against  enforcement  of  laws  that  regulate 
interstate  transport  of  livestock. 

Management  Recommendations  and  Control  Options 

We  suggest  that  the  immediate  focus  for  resource  managers  in  Illinois  should  be  contain¬ 
ment  and  eradication  of  current  feral  hog  populations  and  the  prevention  of  new  releases. 
Many  methods  have  been  employed  or  proposed  for  controlling  feral  hog  populations 
around  the  world  (Tisdell,  1982).  Still  hunting,  stand  hunting,  hunting  with  dogs,  or  spot¬ 
lighting  from  vehicles  are  effective  shooting  methods.  Katahira  et  al.  (1993)  successfully 
removed  feral  hogs  by  hunting,  trapping,  and  snaring  at  Volcanoes  National  Park, 
Hawaii.  Trapping  is  an  effective  means  of  control  when  food  sources  are  limited  (Saun¬ 
ders  et  al.,  1993).  Snares  are  more  affordable,  but  should  not  be  used  in  areas  where  non¬ 
target  species  may  interfere.  Poisoning  is  an  effective  means  of  hog  removal,  but  can 
have  direct  and  residual  effects  on  non-target  species  (Tisdell,  1982).  For  control  of  the 
low-density  feral  hog  population  that  currently  exists  in  Illinois,  a  combination  of 
removal  techniques,  such  as  shooting,  hunting  with  dogs,  and  trapping  probably  is  suffi¬ 
cient.  Additionally,  management  agencies  should  augment  active  control  of  feral  hog 
populations  by: 

■  Regulating  the  import  of  feral  hogs  in  Illinois  through  legislation; 

■  Closely  monitoring  hunting  and  breeding  operations  to  ensure  that  animals  are 
contained  with  adequate  fencing  and  enforce  current  regulations  against  releas¬ 
ing  hogs  on  unconfined  areas; 
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■  Interacting  with  private  landowners,  hunting  outfitters,  and  exotic  animal  farm¬ 
ers  to  better  monitor  feral  hog  populations;  and 

■  Contain  and  remove  existing  hogs  from  known  areas. 

ACKNOWLEDGMENTS 

We  thank  the  Illinois  Department  of  Natural  Resources,  Invasive  Species  Task  Force, 
especially  John  Buhnerkempe,  for  support  and  funding  this  project.  Southern  Illinois 
University  at  Carbondale,  Department  of  Zoology  provided  additional  support.  Tim  Car¬ 
ter  assisted  with  all  phases  of  the  project.  We  also  thank  Dan  Woolard  and  Jerry  Garver 
of  the  Illinois  Department  of  Natural  Resources  for  their  input  and  help  with  fieldwork, 
and  Steve  Widowski,  United  States  Forest  Service,  Shawnee  National  Forest,  and  Steve 
Fadden,  IDNR,  for  their  assistance.  Many  people  assisted  with  the  fieldwork,  including 
Chad  and  Howard  Wilson,  Mike  Watkins,  James  Smith,  Henry  Bullock,  Dennis  Che- 
noweth,  Marcus  White,  Seth  and  Robert  Van  Pelt,  Stanton  Miller,  Scott  Peterson,  and 
others. 


309 


LITERATURE  CITED 

Baber,  D.  W.,  and  B.  E.  Coblentz.  1986.  Density,  home  range,  habitat  use,  and  reproduction  in  feral 
pigs  on  Santa  Catalina  Island.  Journal  of  Mammalogy  67:512-525. 

Barrett,  R.  H.  1978.  The  feral  hog  on  the  Dye  Creek  Ranch,  California.  Hilgardia  46(9):283-355. 

Clark,  R.  K.,  D.  A.  Jessup,  D.  W.  Hird,  R.  Ruppanner,  and  M.  E.  Meyer.  1983.  Serologic  survey  of 
California  wild  hogs  for  antibodies  against  selected  zoonotic  disease  agents.  Journal  of  the 
American  Veterinary  Medical  Association  183:1248-1251. 

Com,  J.  L.,  P.  K.  Swiderek,  B.  O.  Blackburn,  G.  A.  Erickson,  A.  B.  Thiermann,  and  V.  F.  Nettles. 
1986.  Survey  of  selected  diseases  in  wild  swine  in  Texas.  Journal  of  the  American  Veterinary 
Medical  Association  189:1028-1032. 

Esker,  T.  L.  2001.  Distribution  and  status  of  feral  hogs  in  Illinois.  Abstract,  Illinois  Renewable 
Natural  Resources  Conference,  Peoria. 

Gipson,  P.  S.,  B.  Hlavachick,  and  T.  Berger.  1998.  Range  expansion  by  wild  hogs  across  the  central 
United  States.  Wildlife  Society  Bulletin  26:274-278. 

Gmnd,  M.  D.,  W.  E.  Thogmartin,  and  A.  Woolf.  2000.  A  preliminary  assessment  of  feral  hogs  in 
southern  Illinois.  Cooperative  Wildlife  Research  Lab,  Southern  Illinois  University,  Carbondale. 

Hanson,  R.  P.,  and  L.  Karstad.  1959.  Feral  swine  in  the  southeastern  United  States.  Journal  of 
Wildlife  Management  23:63-74. 

Henry,  V.  G.  1969.  Estimating  whole  weights  from  dressed  weights  for  European  wild  hogs.  Jour¬ 
nal  of  Wildlife  Management  33:222-225. 

Henry,  V.  G.  and  R.  H.  Conley.  1972.  Fall  foods  of  European  wild  hogs  in  the  southern  Appalachi¬ 
ans.  Journal  of  Wildlife  Management  36:854-860. 

Howe,  T.  D.,  F.  J.  Singer,  and  B.  B.  Ackerman.  1981.  Forage  relationships  of  European  wild  boar 
invading  northern  hardwood  forest.  Journal  of  Wildlife  Management  45:748-754. 

Katahira,  L.  K.,  P.  Finnegan,  and  C.  P.  Stone.  1993.  Eradicating  feral  pigs  in  montane  mesic  habitat 
at  Hawaii  Volcanoes  National  Park.  Wildlife  Society  Bulletin  21:269-274. 

Kolar,  C.  S.,  and  D.  M.  Lodge.  2001.  Progress  in  invasion  biology  predicting  invaders.  Trends  in 
Ecology  and  Evolution  16:199-204 

Mayer,  J.  J.,  and  I.  L  Brisbin.  1991.  Wild  pigs  of  the  United  States:  their  history,  morphology,  and 
current  status.  University  of  Georgia  Press,  Athens. 

Pimentel,  D.,  L.  Lach,  R.  Zuniga,  and  D.  Morrison.  2000.  Environmental  and  economic  costs  of 
nonindigenous  species  in  the  United  States.  Bioscience  50:53-65. 

Saunders,  G.,  B.  Kay,  and  H.  Nicol.  1993.  Factors  affecting  bait  uptake  and  trapping  success  for 
feral  pigs  ( Sus  scrofa )  in  Kosciusko  National  Park.  Wildlife  Research  20:653-665. 

Sweeney,  J.  M.,  J.  R.  Sweeney,  and  E.  E.  Provost.  1979.  Reproductive  biology  of  a  feral  hog 
population.  Journal  of  Wildlife  Management  43:555-559. 

Sweeney,  J.  R.,  J.  M.  Sweeney,  and  S.W.  Sweeney.  2003.  Feral  hog.  Pages  1164-1179  in  G.  A. 
Feldhamer,  B.C.  Thompson,  and  J.  A.  Chapman  editors.  Wild  Mammals  of  North  America: 
Biology,  management,  and  conservation.  The  Johns  Hopkins  University  Press,  Baltimore, 
Maryland. 

Taylor,  R.  B.,  E.  C.  Hellgren,  T.  M.  Gabor,  and  L.  M.  Ilse.  1998.  Reproduction  of  feral  pigs  in 
southern  Texas.  Journal  of  Mammalogy  79:1325-1331. 

Tisdell,  C.  A.  1982.  Wild  pigs:  environmental  pest  or  economic  resource.  Pergamon  Press,  Rush- 
cutters  Bay,  New  South  Wales,  Australia. 

Towne,  C.  W.,  and  E.  N.  Wentworth.  1950.  Pigs:  from  cave  to  cornbelt.  University  of  Oklahoma 
Press,  Norman,  Oklahoma. 

Van  der  Leek,  M.  L.,  H.  N.  Becker,  E.  C.  Pirtle,  P.  Humphrey,  C.  L.  Adams,  B.  P.  All,  G.  A.  Erick¬ 
son,  R.  C.  Belden,  W.  B.  Frankenberger,  and  E.  P.  J.  Gibbs.  1993.  Prevalence  of  pseudorabies 
(Aujeszky’s  Disease)  virus  antibodies  in  feral  swine  in  Florida.  Journal  of  Wildlife  Disease 
29:403-409. 

Wood,  G.  W.,  J.  B.  Hendricks,  D.  E.  Goodman.  1976.  Brucellosis  in  feral  swine.  Journal  of  Wild¬ 
life  Diseases  12:579-582. 

Zygmont,  S.  M.,  V.  F.  Nettles,  E.  B.  Shotts,  Jr.  W.  A.  Carmen,  and  B.  O.  Blackburn.  1982.  Brucel¬ 
losis  in  wild  swine:  a  serologic  and  bacteriographic  survey  in  the  southeastern  United  States  and 
Hawaii.  Journal  of  the  American  Veterinary  Medical  Association  181:1285-1287. 


310 


APPENDIX  1 

Cranial  variables  (from  Mayer  and  Brisbin  1991)  measured  on  all  complete  hog  skulls  (n 

=  43)  collected  in  Illinois,  2001-2002,  and  from  previous  samples  when  available. 

1.  Condylobasal  length  -  from  the  anteriormost  edge  of  the  premaxillae  to  the  posteri- 
ormost  projection  of  the  occipital  condyles. 

2.  Occipitonasal  length  -  from  the  anteriormost  edge  of  the  nasal  bones  to  the  posteri- 
ormost  projection  of  the  occipital  condyles. 

3.  Nasal  length  -  from  the  anteriormost  point  of  the  nasal  bones  to  the  posteriormost 
point  at  midline. 

4.  Length  lacrimal  notch  to  anterior  nasal  -  from  the  uppermost  lacrimal  foramen  to 
the  anteriormost  point  of  the  nasal  bones. 

5.  Rostral  length  -  distance  from  the  midpoint  between  the  lacrimal  notches  to  the 
anteriormost  edge  of  the  nasal  bones. 

6.  Zygomatic  width  -  the  greatest  distance  between  the  outer  margins  of  the  zygomatic 
arches. 

7.  Braincase  breadth  -  the  greatest  breadth  of  the  lateral  sides  of  the  parietals,  midway 
between  the  postorbital  processes  and  the  lambdoidal  crest. 

8.  Supraoccipital  constriction  -  the  least  distance  between  the  lateral  edges  of  the 
supraoccipital. 

9.  Greatest  width  of  occipital  ridge  -  the  greatest  width  across  the  lateral  ridges  of  the 
supraoccipital. 

10.  Parietal  constriction  -  the  least  distance  across  the  edges  of  the  parietal  crest. 

11.  Least  interorbital  breadth  -  the  least  distance  between  the  dorsal  margins  of  the 
orbits. 

12.  Palatal  premaxillary  constriction  -  the  least  breadth  across  the  palate  at  the  lateral 
junction  of  the  premaxillae  and  maxillae. 

13.  Premaxillary  rostral  width  -  the  greatest  breadth  across  the  premaxillae  above  the 
upper  canine. 

14.  Palatal  length  -  from  the  anteriormost  ventral  edge  of  the  premaxillae  to  the  poste¬ 
rior  margin  of  the  palate  at  midline. 

15.  Angle  of  the  occipital  wall  -  the  angle  between  the  midline  of  the  occipital  wall 
(midline  point  of  the  lambdoidal  crest  to  the  midline  point  of  the  dorsal  edge  of  the 
foramen  magnum)  and  midline  of  the  plane  of  the  palate  adjacent  and  posterior  to 
the  third  molars. 


311 


C/3 

<D 

X 

<D 

C/3 


C/3 

c/9 

C/3 


_Cd 

O 

<u 

WO 

cd 

<D 

> 


C/3 

■<— i 

X 

WO 

0) 

£ 

TO 

O 

X) 

TO 

<D 

C/3 

C/3 

<D 

S-H 

T3 

TD 

3 

cd 

JD 

O 

X 

£ 

TD 

3 

cd 


C/3 

■I— > 

3 

<D 

£ 

<u 

s- 

3 

C/3 

cd 

d> 

£ 


>> 

X3 

O 

X 

X 

• 

C/3 


C/3  ^ 

<D  O 
1:3  t-t 

5  <u 

>  c 

£  x> 

£ 


<d 


o 

o 


JD 

X 

cd 

H 


TO 

<U 

C/3 

C/3 

<u 


Q 


00 

X 

X 

P 

X 

o 

T3 

o 

co 

00 

'■— 1 

ON 

co 

o 

(N 

o 

P 

P 

P 

X 

X 

o 

P 

p 

— 1 

W 

in 

00 

r- 

(N 

o  d 
O  WO 

£  « 

^  £ 


X 

oo 

P 


cd 

XI 

X 

•o 

oo 

O 

P 

r-H 

© 

co 

’— J 

q 

X 

X 

o 

CO 

tq 

X 

CO 

On 

X 

X 

P 

N  ' 

X 

00 

<N 

00 

tj- 

•— 


<D 

x-> 

p  in 

P  *o 

P  o 

lo 

TO 

Xh 

X 

N"  On 

T-H 

q  p 

00 

X 

3 

o 

X  co 

^  o 

co  P 

p 

p 

O 

X 

m 

0) 

K 

Tt 

w  X 

w  r-~ 

C  ^ 

oo 

q  -X 

G  ■*-* 
O  WO 
G  G 
C/0 


S3  g> 

X  § 
X 


On  X 


«  o  oo  « 


cr 

00 

X  o 

O 

P 

in 

in 

ON  Tfr 

00 

Tt 

1—1 

X 

P  p 

o 

o 

CN 

w  (N 

co 

ON 

P 

X 

m 

X 

O0 

o 

X 

CO 

X 

co 

X 

CN 

o 

oo 

OO 

i— H 

p 

P 

p 

X 

X 

ON 

o 

o 

Uh 

T3 

G 


WO 
G 
<D 

S  X 


X 

Tt 

X 


p  Tt 

OO  r-~ 

X  ip 
w  <N 


On  CO 
oo  — < 
X  X 
w  CN 


oo  O 
rj-  O ) 

r4  on 
w  (N 


CN  o 

T-H  Qy 

X  o 
co  w 


X 

4— » 

r- 

P 

o 

P 

OO 

o 

X 

>n 

OX) 

ON 

«n 

X 

q 

o 

00 

CN 

cn 

CO 

3 

P 

P 

p 

X 

X 

p 

P 

X 

X 

d> 

X 

CN 

CN 

CN 

CN 

ro 

_ _ _ 

X 

4— * 

X 

oo 

CN 

P 

X 

N" 

o 

o 

XT 

c3 

*—> 

Ofl 

X 

N- 

O 

(O 

*— 1 

X 

in 

q 

O 

3 

p 

ON 

o 

p 

X 

X 

p 

X 

P 

H 

O 

X 

ON 

X 

oo 

H 

CN 

C/3 

C/3 

_Cd 

u 

<u 

wo 

< 


<D 
■*— > 
cd 

3 

o 

<D 

Z 


^  '£ 
r-  <d 

11  £ 
C  3 


X— \ 

/— s 

O—N 

o— s 

OO 

m 

CN 

T— H 

II 

ii 

II 

II 

3 

3 

3 

3 

s — / 

d) 

<U 

0) 

O 

N 

N 

N 

N 

• 

• 

C/3 

C/3 

C/3 

C/3 

_o 

U 

'a, 

3 

'a. 

G 

"Hh 

G 

Oh 

c 

3 

3 

3 

cd 

3 

cd 

3 

3 

C/3 

C/3 

C/3 

C/3 

C3 

JD 

o 

-a 

Transactions  of  the  Illinois  State  Academy  of  Science 
(2003),  Volume  96,  #4,  pp.  313-318 


received  7/0/03 
accepted  10/20/03 


Dispersal  of  Juvenile  Male  Bobcats 
(Lynx  rufus)  in  Southern  Illinois 


Clayton  K.  Nielsen  and  Alan  Woolf 

Cooperative  Wildlife  Research  Laboratory  and  Department  of  Zoology,  Mailcode  6504 
Southern  Illinois  University,  Carbondale,  Illinois,  62901 


ABSTRACT 

We  characterized  dispersal  movements  of  6  juvenile  male  bobcats  ( Lynx  rufus )  in  south¬ 
ern  Illinois  during  1995-2000.  Straight-line  distance  from  capture  site  to  final  home 
range  establishment  was  43±9  km;  however,  overall  known  dispersal  movements  were 
>100  km  for  >2  bobcats.  In  a  pattern  similar  to  that  observed  in  other  studies,  bobcats 
made  either  rapid,  straight-line  dispersal  movements,  or  erratic,  longer-term  dispersal 
movements.  Major  highways  and  relatively  high  road  and  human  densities  were  not  sig¬ 
nificant  barriers  to  bobcat  dispersal. 


INTRODUCTION 

Dispersal  behavior  provides  important  insight  into  spatial  organization  within  a  popula¬ 
tion  and  connectivity  of  separate  populations.  Dispersal  of  juvenile  males  is  common  in 
bobcats  (Lynx  rufus )  and  influenced  by  a  variety  of  ecological  phenomena  (Bailey  1979, 
Kitchings  and  Story  1984,  Kamler  et  al.  2000).  However,  there  is  a  lack  of  research  on 
juvenile  bobcat  dispersal  in  the  agricultural  Midwest,  where  bobcat  populations  are  rela¬ 
tively  low  due  to  poor  habitat  suitability. 

To  address  this  paucity  in  the  literature,  we  studied  dispersal  movements  of  juvenile  male 
bobcats  in  southern  Illinois.  This  research  represents  a  subset  of  our  larger  study  of  bob¬ 
cat  status  in  Illinois,  in  which  we  investigated  bobcat  habitat  use  at  several  spatial  scales, 
survival  and  cause-specific  mortality,  spatial  organization,  and  genetics  (Woolf  and  Niel¬ 
sen  1999,  Woolf  and  Nielsen  2002,  Woolf  et  al.  2002a).  Generally,  we  found  that  bobcats 
are  faring  well  in  Illinois  with  high  survival  rates  and  ample  suitable  habitat  where  forest 
cover  dominates.  Herein,  we  describe  juvenile  male  bobcat  dispersal  patterns,  directions, 
and  distances  in  southern  Illinois. 


METHODS 

During  December-February  1995-99,  we  captured  6  juvenile  (<1  yr)  male  bobcats  in 
Jackson,  Union,  and  Pope  Counties  of  southern  Illinois.  Bobcats  were  fitted  with  radio¬ 
collars  containing  a  small  foam  insert  to  minimize  collar  loss.  We  used  standard  ground 
and  aerial  radiotelemetry  techniques  (White  and  Garrott  1990)  to  locate  bobcats  and  cal¬ 
culated  100%  minimum  convex  polygon  home  ranges  (Mohr  1947)  when  >30  locations 
were  obtained.  While  individuals  were  in  their  natal  home  ranges,  we  obtained  2  or  3 


314 


locations/week;  however,  upon  dispersal,  bobcats  were  located  less  frequently.  We 
monitored  individuals  448±68  (SE  throughout)  days  and  obtained  59±14  loca¬ 
tions/bobcat.  More  details  on  the  southern  Illinois  study  area,  bobcat  capture,  and  radio¬ 
telemetry  are  reported  elsewhere  (Nielsen  and  Woolf  2001;  Nielsen  and  Woolf  2002a, 
2002/?). 


RESULTS  AND  DISCUSSION 

We  provide  the  first  description  of  juvenile  bobcat  dispersal  in  the  agricultural  Midwest 
where  bobcat  populations  have  been  protected  from  harvest  due  to  low  abundance  (i.e., 
Illinois,  Indiana,  Iowa,  and  Ohio).  Because  we  radiotracked  only  6  individuals,  inferences 
drawn  from  our  study  may  be  limited.  However,  published  reports  of  juvenile  dispersal 
behavior  of  Midwest  bobcats  are  rare  and  our  analysis  provides  a  basis  for  others  inter¬ 
ested  in  bobcat  dispersal. 

All  6  bobcats  initiated  dispersal  movements  from  their  natal  home  ranges  between  March 
and  September.  These  bobcats  were  likely  1-2  years  old  upon  dispersal,  as  reported  by 
most  studies  (Anderson  1987).  Time  spent  making  transient  movements  (i.e.,  those 
erratic  and  without  apparent  directionality)  was  83±21  days.  Straight-line  distance  from 
capture  site  to  final  home  range  establishment  was  43±9  km  (Figure  1);  these  dispersal 
distances  were  similar  to  other  studies  (Hamilton  1982,  Kitchings  and  Story  1984).  How¬ 
ever,  overall  known  dispersal  movements  were  >100  km  for  >2  bobcats.  Although  a  few 
studies  have  reported  straight-line  dispersal  distances  of  >80  km  (Knick  and  Bailey  1986, 
Kamler  et  al.  2000),  bobcats  in  our  study  were  constrained  by  the  Ohio  and  Mississippi 
rivers  to  the  south,  east,  and  west,  and  primarily  unsuitable  agricultural  habitat  to  the 
immediate  north  (Woolf  et  al.  2002/?).  Most  bobcats  dispersed  toward  the  center  of  the 
region  within  the  most  suitable  habitat  (i.e.,  primarily  forest  cover;  Nielsen  and  Woolf 
2002a;  Woolf  et  al.  2002 Z?)  and  away  from  insurmountable  barriers  (i.e.,  rivers  and  exten¬ 
sive  agriculture).  Given  the  relative  uniformity  of  habitat  suitability  and  high  dispersal 
capability  of  bobcats,  the  southern  Illinois  region  could  be  treated  as  a  contiguous  popu¬ 
lation  for  management  purposes. 

Although  comprised  of  highly  suitable  habitat  (Nielsen  and  Woolf  2002 a,  Woolf  et  al. 
2002/?),  southern  Illinois  contains  high  human  (21.5  persons/km2)  and  road  densities  (1.4 
km/km2)  relative  to  other  study  areas  (e.g.,  Hamilton  1982,  Knick  and  Bailey  1986).  At 
the  outset  of  our  study,  we  hypothesized  these  landscape  factors  may  represent  significant 
barriers  to  bobcat  dispersal  or  cause  substantial  mortality.  Although  annual  vehicle- 
caused  mortality  rates  of  southern  Illinois  bobcats  were  the  highest  in  the  scientific  lit¬ 
erature  at  10%  (Nielsen  and  Woolf  2002/?),  major  highways  and  human  development  did 
not  limit  dispersal.  Four  bobcats  survived  until  their  radiocollar  batteries  reached  opera¬ 
tional  longevity  and  2  bobcats  died  <275  days  post-capture;  one  from  unknown  causes, 
and  the  other  from  a  vehicle  collision. 

Similar  to  Kamler  et  al.  (2000),  bobcats  exhibited  2  types  of  dispersal:  a  relatively  fast 
straight-line  dispersal  pattern  (bobcat  #29,  Figure  2);  or  a  longer,  more  erratic  dispersal 
pattern  (bobcat  #4,  Figure  2).  Three  bobcats  exhibited  the  former  behavior,  traveling  <40 
km  before  establishing  new,  stable  home  ranges  <2  months  following  dispersal  initiation. 
Dispersal  movements  of  3  bobcats  were  highly  erratic,  of  relatively  long  duration  (>6 
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months),  and  in  one  case  included  establishment  of  3  small,  temporary  home  ranges 
(bobcat  #4,  Figure  2).  Bobcat  dispersal  patterns  are  primarily  influenced  by  population 
voids  created  via  adult  mortalities,  such  that  dispersers  fill  these  voids  (Hamilton  1982, 
Litvaitis  et  al.  1987).  However,  we  were  unable  to  assess  the  influence  of  population 
voids  on  dispersal  patterns  because  bobcats  dispersed  away  from  the  area  where  most 
individuals  were  radiocollared.  Thus,  our  knowledge  of  where  voids  may  have  existed 
was  incomplete. 

As  noted  by  Kamler  et  al.  (2000),  there  is  little  information  on  social  interactions  influ¬ 
encing  bobcat  dispersal.  Kamler  et  al.  (2000)  reported  an  agonistic  encounter  between 
mother  and  offspring  that  may  have  stimulated  dispersal.  We  provide  further  evidence 
that  aggressive  females  may  prompt  juvenile  dispersal  in  bobcats,  as  in  other  species 
[e.g.,  white-tailed  deer  ( Odocoileus  virginianus)\  Ozoga  and  Verme  1985,  Holzenbein 
and  Marchinton  1992].  Specifically,  we  recorded  an  incidence  of  an  adult  female 
traveling  with  her  male  offspring  10  km  outside  of  their  shared  home  range.  She  then 
immediately  returned  to  her  home  range,  whereas  the  juvenile  male  continued  dispersal 
movements  for  >50  km  until  settling  into  a  stable  home  range. 
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Figure  1.  Straight-line  dispersal  directions,  distances,  and  endpoints  for  6  juvenile  male  bobcats  in  southern  Illinois,  1995-2000. 
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Figure  2.  Dispersal  movements  of  2  juvenile  male  bobcats  in  southern  Illinois,  1995-2000. 
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BOOK  REVIEW  2003- #4 

Mohlenbrock,  Robert  H.  Ferns.  Second  Edition.  1999.  xvi  +  240  pages;  dichotomous 
keys;  descriptions;  illustrations;  distribution  maps;  appendix,  glossary;  literature  cited; 
index  to  Latin  and  common  plant  names.  Southern  Illinois  University  Press,  Carbondale 
and  Edwardsville,  Illinois.  ISBN:  0-8093-2255-2.  Hard  Cover.  Price:  $US  45.00.  Avail¬ 
able  from  the  Southern  Illinois  University  Press,  P.O.  Box  3697,  Carbondale,  IL  62902- 
3697. 

The  ferns  and  their  relatives,  the  fern-allies,  are  referred  to  collectively  as  the  pterido- 
phytes.  They  form  a  group  of  plants  that  have  internal  conducting  tissues  (xylem  and 
phloem),  produce  spores,  but  lack  seeds.  These  plants  are  of  evolutionary  interest  and 
importance  because  they  were  the  early  vascular  plants  that  flourished  400-200  million 
years  ago.  Also,  pteridophytes  are  unique  among  vascular  plants  from  an  economic  per¬ 
spective.  Extinct  species  are  of  immense  economic  importance  because  they  were  major 
contributors  to  the  formation  of  fossil  fuels.  On  the  other  hand,  extant  species  are  of  little 
economic  importance;  however,  some  of  them  are  used  for  ornamentals  and  some  are 
used  for  nutritional  or  medicinal  purposes.  With  respect  to  the  known  extant  pteridophtes 
of  Illinois,  Mohlenbrock  provides  an  excellent  taxonomic  treatment  of  them  in  five  major 
sections  of  the  manual. 

The  introductory  section  supplies  the  reader  with  practical  information  concerning 
nomenclature,  frond  morphology,  ecology  and  a  brief  history  of  fern  collecting  in  Illinois. 
In  addition,  the  author  provides  a  useful  description  on  how  to  use  the  manual  to  identify 
specific  ferns  and  fern-allies.  The  second  and  third  sections  are  general  dichotomous  keys 
that  enable  the  investigator  to  identify  orders  based  in  part  on  fertile  (with  sporangia) 
specimens  and  genera  based  entirely  on  sterile  specimens.  After  the  genus  of  a  particular 
plant  is  determined,  an  investigator  can  go  quickly  to  the  species  key  because  each  genus 
in  the  Key  to  Genera  is  accompanied  by  its  corresponding  page  number. 

Descriptions  and  Illustrations  comprising  the  forth  section  is  the  most  extensive  portion 
of  the  manual  and  is  organized  by  order,  family,  genus,  and  species.  The  fern-allies  of 
Illinois  are  treated  first  with  the  families  arranged  as  follows:  Lycopodiaceae  (Club- 
mosses);  Selaginellaceae  (Spikemosses);  Isoetaceae  (Quillworts);  and  Equisetaceae 
(Horsetails).  Subsequently,  the  families  of  the  ferns  of  Illinois  are  arranged  as  follows: 
Ophioglossaceae  (Adder’ s-tongues);  Hymenophyllaceae  (Filmy  Ferns);  Osmundaceae 
(Royal  Ferns);  Polypodiaceae  (True  Ferns);  Marsileaceae  (Waterclovers);  and 
Salviniaceae  (Water  Ferns). 

Within  the  framework  of  section  four  are  the  effective  dichotomous  keys  to  the  species. 
Furthermore,  these  keys  are  preceded  by  keys  to  families  and  genera  when  there  are  two 
or  more  families  represented  in  an  order  and  two  or  more  genera  represented  in  a  family. 
Each  Latin  name  is  carefully  documented  by  its  author  with  a  literature  citation.  Syno¬ 
nyms  are  listed  with  authors  and  literature  citations  as  well.  Each  species  has  a  well  writ¬ 
ten  description  that  is  accompanied  by  its  common  name(s)  and  comments  on  its  habitat, 
range  and  Illinois  distribution.  In  addition,  the  known  distribution  of  each  species  is 
shown  on  a  map  of  Illinois  counties  that  provides  a  convenient  way  to  visualize  its 
reported  locations  across  the  state.  The  illustration  for  each  species,  placed  near  its 
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description,  shows  diagnostic  characteristics  that  will  assist  novice  and  experienced 
investigators  with  identifications. 

An  appendix,  the  fifth  section,  contains  twenty-five  additional  species  of  the  known 
pteridophytic  flora  of  Illinois  that  were  not  in  the  original  1967  volume.  These  species  are 
given  the  same  detailed  taxonomic  treatment  as  discussed  previously.  Since  the  publica¬ 
tion  of  the  original  volume,  new  information  and  a  large  number  of  nomenclature  revi¬ 
sions  have  necessitated  alterations  in  scientific  names.  The  appendix  also  reflects  these 
changes. 

Together,  the  informative  introduction,  the  excellent  illustrations  (by  Miriam  Meyer,  Jon 
Howe  and  Mark  W.  Mohlenbrock)  throughout  the  manual  and  the  practical  glossary  pro¬ 
vide  basic  information  to  help  the  novice  identify  fern  and  fern-allies  accurately  in  the 
field.  The  illustrated  dichotomous  key  to  the  genera  in  section  three  is  a  particularly 
noteworthy  feature  of  the  manual  and  will  be  most  helpful  for  the  beginning  student.  This 
book,  written  by  an  authority  on  the  flora  of  Illinois,  represents  an  update  of  the  first  vol¬ 
ume  (1967)  on  ferns  and  fern-allies  in  the  Illustrated  Flora  of  Illinois  series.  Hence,  I  rec¬ 
ommend  Mohlenbrock’ s  second  edition  of  Ferns  for  all  high  school,  college  and  univer¬ 
sity  libraries  in  Illinois  and  adjacent  states.  It  should  also  be  in  the  personal  libraries  of  all 
persons  interested  in  plant  ecology,  plant  restoration  or  the  identification  of  ferns  and 
fern-allies  in  their  natural  habitats.  I  would  especially  recommend  this  manual  for  any 
plant  enthusiasts  who  may  be  interested  in  becoming  competent  in  the  identifications  of 
one  complete  group  of  plants. 

Reviewer:  Marian  Wilson  Comer,  Professor  and  Chair,  Department  of  Biological  Sci¬ 
ences,  Chicago  State  University,  Chicago,  IL  60628. 
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BOOK  REVIEW  2003  -  #5 

Robinson,  W.  Douglas.  Southern  Illinois  Birds:  An  Annotated  List  and  Site  Guide.  1996. 
lii  +  436  pp;  24  black  and  white  species  photographs;  16  maps;  references;  index  of 
common  names;  index  of  scientific  names.  Southern  Illinois  University  Press,  Carbondale 
and  Edwardsville,  Illinois.  Hardcover.  ISBN  0-8093-2032-0.  Price:  US  $39.95.  Available 
from  Southern  Illinois  University  Press,  P.O.  Box  3697,  Carbondale,  Illinois  62902-3697. 

Having  traveled  throughout  most  of  Illinois  many  times,  I  wholeheartedly  concur  with 
W.D.  Robinson  as  he  states,  in  the  Introduction  of  Southern  Illinois  Birds:  An  Annotated 
List  and  Site  Guide,  that  “Southern  Illinois  is  a  unique  and  wonderful  place  to  find 
birds....”  Southern  Illinois,  especially  the  Shawnee  Hills  and  southward,  seems  to  have  a 
palpable  sense  of  place.  For  this  reason,  with  scientific  considerations  aside,  it  is  entirely 
appropriate  for  such  a  widely  recognized  and  distinct  geographical  area  of  the  state  to 
have  its  own  book  of  ornithological  information.  On  the  other  hand,  somewhat  compara¬ 
ble  coverages  of  southern  Illinois  are  included  in  Bohlen  (1989)  and  De  Vore  (2000). 

In  writing  this  book,  the  author’s  primary  goal  was  to  “document  the  current  knowledge” 
of  southern  Illinois  birds.  Additionally,  he  wished  to  provide  a  reference  document, 
usable  indoors  and  in  the  field,  that  would  highlight  the  wealth  of  information  currently 
available,  emphasize  gaps  in  knowledge  and  help  observers  assess  the  importance  of  their 
observations.  Robinson  includes  a  section  in  his  Introduction  called  “A  History  of  South¬ 
ern  Illinois  Bird  Study”  in  which  he  laments  observers  who  have  not  published  their  data. 
He  further  states  that  “everyday  bird  observations... are  useful  contributions...,”  and  he 
encourages  birders  to  accurately  record  their  observations  in  a  systematic  manner  that 
will  be  useful  in  scientific  analyses.  The  list  of  167  individual  observers  whose  data  were 
drawn  upon  to  compile  this  book  supports  this  view.  In  addition,  this  book  is  well  docu¬ 
mented  with  references  to  the  ornithological  literature.  Considering  this,  it  is  curious  that 
Robinson  does  not  cite  works  by  Stephen  A.  Forbes  and  Alfred  O.  Gross  of  the  Illinois 
Natural  History  Survey  (Forbes  1913,  Forbes  and  Gross  1922,  1923).  Yet,  he  attributes 
the  beginning  of  scientific  bird  surveys  in  southern  Illinois  to  Richard  R.  Graber  and  Jean 
W.  Graber,  also  of  the  Illinois  Natural  History  Survey,  in  the  1970s  and  1980s. 

Robinson  includes  the  17  southernmost  counties  of  Illinois  plus  part  of  St.  Clair  County 
in  his  definition  of  “Southern  Illinois.”  Within  this  area,  he  recognizes  three  distinct 
physiographic  areas  based  upon  the  Natural  Divisions  of  Illinois:  the  Shawnee  Hills;  the 
Floodplains  of  the  Ohio,  Wabash  and  Mississippi  Rivers;  and  the  Till  Plain  in  the  north¬ 
ern  ten  counties  of  the  coverage  area.  The  next  logical  step  is  for  the  reader  to  begin 
thinking  about  types  of  habitats  found  within  the  physiographic  areas  and  habitat 
requirements  for  specific  birds  (species).  Robinson  especially  emphasizes  the  habitat 
needs  of  forest  songbirds  that  are  sensitive  to  the  effects  of  forest  fragmentation.  He  often 
shows  a  strong  conservation  ethic  in  his  writing,  and  he  offers  five  management  recom¬ 
mendations  for  improving  forest  habitats  for  songbirds.  Many  other  types  of  habitats  are 
mentioned,  but  not  similarly  highlighted,  although  much  certainly  could  have  been  writ¬ 
ten  about  each.  These  types  of  habitats  include  grasslands,  shrublands,  wetlands,  mud¬ 
flats,  large  reservoirs,  large  rivers  and  small  streams. 
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About  three-quarters  of  Southern  Illinois  Birds  is  composed  of  the  first  of  two  main  parts 
of  the  book  entitled  “Species  Accounts:  The  Past  and  Present  Status  of  Birds  in  Southern 
Illinois.”  Species  are  arranged  phylogenetically  and  grouped  by  order  and  family.  Each 
account  for  the  361  species  includes:  information  on  the  status  and  abundance  of  the  spe¬ 
cies  (i.e.,  migrant,  resident  or  rarity);  the  habitat(s)  where  the  species  may  typically  be 
found;  records  for  the  species  by  season  (dates  and  numbers);  and  documentary  evidence 
supporting  species  identifications  (e.g.,  collected  specimens  and  photographs).  Lastly,  the 
accounts  include  page  numbers  where  the  reader  can  find  more  information  in  three 
popular  birding  field  guides.  In  addition,  each  account  for  migratory  birds  begins  with 
dates  between  which  the  species  is  most  likely  to  be  observed  (e.g.,  late  March  to  early 
May). 

While  it  could  become  tedious  to  read  the  species  accounts  one  after  the  other,  even  for 
the  most  serious  birder,  remarks  included  with  most  accounts  can  be  interesting  and  even 
entertaining.  For  example,  consider  Robinson’s  description  of  banding  a  Northern  Saw- 
Whet  Owl:  “As  an  illustration  of  the  tameness  of  this  species,  after  the  Ozark  owl  was 
banded,  it  was  placed  on  a  tree  limb  and  photographed;  it  remained  motionless,  except  for 
blinking  its  eyes,  for  nearly  an  hour.”  Robinson’s  remarks  typically  include  information 
on  nesting,  migration,  behavior  and  sometimes  conservation  issues. 

Part  Two  of  Southern  Illinois  Birds  consists  of  a  guide  to  26  of  what  Robinson  calls  “the 
traditionally  best  birding  spots  in  southern  Illinois.”  About  half  of  the  site  descriptions 
also  include  simple  maps.  Other  than  the  book’s  Introduction,  these  site  descriptions  are 
the  most  readable  portion  of  Southern  Illinois  Birds.  Directions  to  the  sites  were  obvi¬ 
ously  drawn  from  first-hand  experience,  because  they  contain  information  that  one  would 
most  likely  know  only  from  having  been  there.  For  example,  when  describing  Alexander 
County,  Robinson  mentions  “...a  small  trail  [that]  will  take  you  down  the  other  side  [of  a 
levee]  into  some  woods  and  out  onto  the  shores  of  the  Mississippi  River.”  It  remains  to 
be  seen,  though,  whether  one  could  actually  find  such  a  small  unmarked  trail. 

Site  descriptions  typically  describe  some  of  the  habitats  as  well  as  some  of  the  birds  to  be 
expected.  Here  it  would  make  little  sense  to  list  the  same  common  species  that  could  be 
seen  at  almost  every  site  (e.g.,  American  Robins)  while  emphasizing  rarities  (e.g.,  Pacific 
Loon)  or  one-of-a-kind  sightings  (e.g.,  Rock  Wren  at  Crab  Orchard  National  Wildlife 
Refuge  [NWR])  that  would  be  unlikely  to  happen  again.  Robinson  generally  strikes  a  fair 
balance  in  naming  common  to  rare  species.  He  rightly  emphasizes  fairly  reliable  southern 
Illinois  specialties,  such  as  Least  Terns  along  the  Mississippi  River  or  Black  Vultures  at 
Heron  Pond-Little  Black  Slough  Nature  Preserve  along  the  Cache  River.  Readability  of 
site  descriptions  is  enhanced  by  comments  on  conservation  issues.  For  instance,  for 
Baldwin  Lake,  Robinson  writes  that  “Summer  is  virtually  worthless  [for  birding].  Dozens 
of  fishing  boats  cruise  around  the  lake....”  Robinson  also  occasionally  mentions  unusual 
aspects  of  visiting  certain  sites,  such  as  the  description  of  Crab  Orchard  NWR,  where  he 
warns  that  the  “turnaround  at  the  end  of  the  road  is  also  the  meeting  place  of  undesirable 
sorts  of  company....” 

Southern  Illinois  Birds  succeeds  very  well  as  a  reference  book,  field  guide  and  an  inspi¬ 
ration  for  birders  to  become  adventurous  as  well  as  systematic  and  accurate  in  recording 
their  observations.  Although  a  book  such  as  this  soon  becomes  dated,  it  will  always  serve 
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as  a  record  of  information  at  the  time  of  publication  and  may  hopefully  generate  an  end¬ 
less  series  of  revised  editions. 

Reviewer:  Thomas  V.  Lerczak,  Illinois  Nature  Preserves  Commission,  17500  E.  CR 
1950N,  P.O.  Box  590,  Havana,  Illinois  62644. 
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